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MECHANICS. 


Remarks  on  Machinery  in  General. 

1.  Mechanics^  according  to  the  original  import  of  the  word^ 
treats  of  the  energy  of  Machines :  and  these  machines  are  no- 
thing more  than  organa,  or  tools,  interposed  between  the  work- 
man, or  natural  agent,  and  the  task  to  be  accomplished,  in  order 
to  render  that  work  capable  of  being  performed,  which  under 
the  limits  and  circumstances  proposed  would  have  been  difficult, 
if  not  impossible,  without  the  intervention  of  some  of  these 
contrivances. 

Machines  are  interposed,  as  was  remarked  (art.  379.  vol.  I.), 
chiefly  for  three  reasons.  1.  To  accommodate  the  direction  of 
the  moving  force,  to  that  of  the  resistance  which  is  to  be  over- 
come. 2.  To  render  a  power  which  has  a  fixed  and  certain 
velocity  efficacious  in  performing  work  with  a  different  ve- 
locity. S.  To  enable  a  natural  power,  having  a  certain  de- 
terminate intensity,  to  balance  or  to  overcome  another  power  or 
obstacle,  whose  intensity  or  resistance  is  greater.  Each  of  these 
purposes  may  be  accooiplished  in  different  ways  :  z,  e.  either  by 
machines  which  have  a  motion  round  some  fixed  and  supported 
point,  as  the  lever,  the  pulley,  and  the  wheel  and  axle :  or  by 
those  which,  instead  of  being  supported  by  a  fixed  point,  about 
which  ihey  move,  furnish  to  the  resistance,  or  body  to  be  moved, 
a  solid  pafh,  along  which  it  is  impelled,  as  the  inclined  plane^ 
the  wedge,  and  the  screw.  Compound  machines  are  peculiar 
combinations  ot  these  six,  of  which  we  have  treated  individually 
in  the  first  book  of  our  first  volume:  some  remarks  likewise 
upon  their  combination  have  been  given  in  Book  I.  Chap.  IV. 
art.  161.  and  Book  11.  Chap.  VI.  And  we  have  treated  of 
the  strength  of  the  materials  of  which  machines  may  be  com- 
posed, in  Book  L  Chap.  V.  Such  farther  observations  as  appear 
necessary  to  complete  a  theoretical  and  practical  knowledge  of 
Machinery  in  general,  previous  to  our  alphabetical  description 
of  particular  machines^  will  now  be  presented  lo  the  student. 
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2  MECHANICS. 

2.  Simplicity  in  the  construction  of  machines  cannot  be  too 
warmly  recommended  to  the  young  engineer :  for  multiplicity 
of  parts  and  of  motions  increases  the  expence  of  erection, 
augments  the  friction,  and  multiplies  the  danger  of  failure  by 
the  bending  or  by  the  inaccurate  adjustment  of  the  parts.  In 
consequence  of  the  effects  of  friction  (of  ^hich  we  shall  speak 
more  fully,  art.  24,  &c.),  it  is  well  known  to  all  engaged  in  the 

5>ractice  of  mechanics,  that  by  no  combination  of  wheels,  or 
evers,  or  other  powers,  can  one  weight  be  made  to  move  an- 
other with  a  greater  or  even  an  equal  momentum :  and  by  the 
multiplication  of  wheels,  levers,  &c.  the  effect  of  the  machine, 
instead  of  being  increased,  is  diminished  in  proportion  to  the 
augmented  friction  of  the  moving  parts.  Hence  it  follows  that 
in  practice,  effect  is  lost  by  mechanical  combination,  but  gained 
by  simplification ;  and  that  the  most  perfect  machine  is  that 
Mrhich  operates  by  the  fewest  moving  parts*  In  order  to  con- 
trive a  simple  machine  to  be  theoretically  equivalent  in  power  to 
a  complex  one,  the  following  rule  may  be  observed :  Construct 
the  various  parts  of  the  simpler  machine  so  that  the  velocity^  of 
tlie  impelled  pouit  (art.  365.)  shall  be  to  that  of  the  working 
point,  in  the  same  ratio  as  they  are  in  the  compound  machine ; 
tnen  will  the  effects  of  these  two  machines  be  die  same,  so  far 
as  depends  upon  pure  theory :  but  in  practice  the  simpler  wiU 
be  the  more  efficacious,  in  consequence  of  the  diminution  of 
friction. 

S.  For  an  example,  suppose  the  compound  machine,  fig.  1. 
pi.  II.  were  to  be  proposed^  in  order  that  a  more  simple  one 
might  be  construct^  to  perform  the  same  work.  Let  ca,  the 
lever  to  which  the  power  Is  applied,  be  10  feet,  de  5  feet  in 
diameter,  bf=:^  feet,  hi  =  3  feet,  gh=5  feet,  and  klsi 
1  foot,  the  latter  being  the  cylinder  on  which  the  rope  raising 
the  weight  w  folds.  Now  the  diameter  of  the  circle  described 
by  the  power  at  a  is  20  feet :  and  to  find  the  diameter  of  this 
drcle  whose  circumference  is  equal  to  the^  space  passed  over  bjf 
w  in  one  revolution  of  the  lever  CA,  reduce  the  following  frai^ 

tion,  VIZ.  ■^—  X  —  X  —  =  T5^x4.x4.  =  ^i.of  2ac  ;  conse* 

Sac         xr  bi        *"        *        *  *     .  ■ 

quently  the  velocity  of  the  weight  is  ^^  of  that  of  the  power< 
And  hence,  if  upon  the  vertical  axis  cm  (fig*  2.  pi.  II.)  a  wheel 
be  fixed,  the  diameter  kl  of  which  is  equal  to  4?  feet  (that  i^ 
T^j  of  2ac),  the  weight  w  will  be  raised  tii^  same  he^ht  by  the. 
simple  as  by  the  compound  machine,  at  every  revolulaoB  &(  the 
power  A.     So  that,  tiie  simple  machine  ACMkl,  will  be  at  least 

aual  in  effect  to  the  compound  one  ACMDSFoaiKL,  and  tho 
leels  DE,  EF^  GH,  HI,  and  kl,  are  extraneous,  and  probably 
prejudicial. 
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4.  Foir  ainoth^  example  tike  the  following.  In  the  common 
^heel  and  fkile,  the  advantage  gained  is  in  the  ratio  of  the  radius 
of  the  winch  to  that  of  the  barrel :  so  that  wheb  it  is  proposed  tb 
increase  that  advantage^  either  the  handle  must  be  lengthened, 
or  the  diameter  of  the  axle  diminished ;  neither  of  which|  how- 
ever, is  practicable  beyond  certain  limits,  because  the  handle 
might  be  too  long  for  convenient  management,  or  the  axle  to<> 
slender  to  support  the  load :  in  siich  cases  it  is  usual  to  annelE 
another  wheel  and  (linion^  or  a  tackle  of  pulleys.  But  the  fol- 
lovnng  constructipn  is  greatly  preferable.  In  fig.  7.  ^pl.  I.  th^ 
part  A  of  the  balrei  is  larger  than  the  pah  B,  and  the  rope 
which  passes  under  the  pulley  c  and  sustaitis  die  wei^t  b  is 
wound  upon  edch  in  contrary  directions.  Whenever^  therefore, 
the  handle  bf  is  turned,  so  as  to  gathe^  the  rope  upon  the  larger 
cylinder,  it  will  be  giveh  off  by  ike  smaller :  and  for  every  turii 
of  the  larger,  or  its  cbrrespond^nt  portion  df  rope  wound  n|>, 
there  will  be  given  off  a  portion  of  rope  ansv^ering  to  iiie  circum- 
ference of  the  smaller.  Consequently,  the  quantity  of  unwound 
rope  will  be  less  aftj&r  sueh  a  turn,  by  a  portion  eq|ual  to  tlie 
difference  between  the  circumferences  of  the  two  cylinders; 
and  the  weight  D  will  be  raised  through  half  that  spate. 
Whence,  since  die  radii  of  circles  are  as  their  circumferences, 
we  may  use  this  analogy : 

As  the  radius  of  die  winch. 
To  half  the  difference  of  the  radii  of  th'e  cylinders ; 

So  is  the  weight, 

To  the  power  balancing  it. 
In  fig.  8.  is  exhibited  a  simple  capstan  m  which  th6  same  coii* 
trivance  is  adopted.  Here,  if  the  upper  barrel  a  were  17  inches 
diameter,  and  the  lower  B  16  inches,  the  pulley  c  being  als6 
16  inches  diameter  j  it  will  be  obvious  that  this  simple  capstaii 
will  be  equivalent  to  an  ordinary  capstan  of  the  same  length  of 
bar  £F,  and  diameter  of  barrel  b,  combined  with  a  I6-foId 
tackle  of  pulleys ;  and  at  the  same  time  free  from  the  great  loss 
by  friction  and  bending  of  ropes,  which  would  absorb  at  least  a 
third  of  the  power  of  a  1 6-fold  tackle. 

One  peculiar  advantage  of  this  engine  is,  that  the  half  differ- 
ence of  the  radii  of  a  and  b  may  be  diminished  ad  libitum,  with- 
out weakening  the  cylinder,  increasing  the  friction,  or  requiring 
any  rapid  curvature  of  the  rope.  This  windlass  has  likewise  the 
peculiar  property  of  holding  the  weight  at  any  part  of  its  rise 
or  fall  without  needing  a  rachet  wheel  and  catch.  Its  only 
practical  disadvantage  is,  diat  a  great  quantity  of  rope  must  be 
used  to  produce  a  moderate  change  in  the  position  of  the 
weight ;  but  the  quantity  of  rope  will  be  much  less  than  what 
is  requbite  for  an  equivalent  tackle  of  pulleys.     This  ingenious 
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contrivance  is  generally  ascribed  to  the  celebrated  George 
•Eckhardt ;  and  he  probably  invented  it  without  knowing  that 
it  had  been  used  elsewhere :  but  we  have  seen  a  figure,  from 
.'which  our  figure  8  is  merely  a  copy,  in  some  Chinese  drawings 
of  nearl}  a  century  old, 

5,  The  methods  of  communicating  motion  from  one  thing  to 
.another,  or  from  one  point  to  another,  are  almost  infinitely  di- 
Tersified  :  -so  that  it  will  not  be  expected  that  they  should  all  be 
described  here.  It  is  manifest  that  the  communication  of  mo- 
tioi)  will  in  different  circumstances  be  better  effected  by  means 
of  one  simple  machine  (or,  as  they  are  usually  caUed,  mecha^ 
nical  power),  than  by  another ;  and  much  of  the  skill  of  the 
.engineer  consists  in  choosing  the  instrument  most  proper  for  the 
-purpose  proposed:  and  the  same  will  be  the  case  with  regard  to 
more  complex  machines.  In  some  instances  a  jsimple  lever,  or 
a  simple  unbent  cord,  will  answer  better  than  any  combination : 
in  others  it  may  be  highly  advantageous  to  use  a  combination  of 
levers  acting  upo»  each  other,  by  means  of  so  many  fulcra ;  and 
.by  these  the  direction  may  be  changed  at  pleasure :  in  others,  as 
|when  motion  is  communicated  to  a  series  of  wheels  and  axles  in 
succession,  it  may  be  effected  by  a  rope  running  in  grooves 
round  one  wheel  and  the  succeeding  axle  ;  or  by  what  was  de- 
scribed in  vol.  I.  art.  £46.  under  the  name  of  tooth  and  pinion 
work :  in  others  again,  by  a  barrel  and  winch  with  an  endless 
screw.  And  many  other  contrivances  will  readily  suggest  them- 
selves to  an  ingenious  artist. 

6.  But  such  simple  methods  cannot  always  be  adopted.  Thus 
when  it  is  required  bi/  means  of  a  rotatory  motion  to  prodttce  a 
reciprocating  ond  as  the  alternate  motion  of  the  pistons  of 
pumps,  for  example;  one  of  the  following  contrivances  may  be 
used.  To  a  vertical  shaft  as  ap  (fig.  6.  pi.  II.)  fix  a  large  hori- 
zontal wheel  MOIL,  the  lower  part  of  which  is  indented  iu 
waves  Mso,  oqi,  8cc.  of  which  the  constituent  arches  are  either 
circular  or  parabolic.  On  a  convenient  point  d  of  an  upright 
post  as  a  centre  of  motion,  let  a  lever  edc  move ;  one  end  of 
it  carrying  the  moveable  vertical  wheel  cr,  in  size  properly 
adjusted  to  the  waves  of  the  horizontal  wheel ;  the  other  ef 
Ibemg  a  circular  arc  to  which  is  applied  the  chain  £6  of  the 
pump.  Then  whilst  the  great  wheel  is  turned  by  the  lever  n  A 
from  o  towards  i,  the  wave  q  presses  down  the  wheel  qr, 
and  raises  the  end  £  of  the  lever,  and  thus  draws  up  the  water 
in  the  pump  o.  But  when  the  deepest  part  o  of  the  wave  is 
past  the  highest  part  of  the  wheel  cr^  the  wheel  rises  up  into 
the  hollow  s,  and  so  the  chain  £G  descends  till  the  next  wave 
raises  it  again.  Thus  the  passage  of  every  wave  by  the  wheel 
CR  causes  a  stroke  of  the  pump.  If  the  number  of  waves  be 
aidf  and  another  pump  wheel  aud  lever  be  placed  diametrically 
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opposite  on  the  other  side  of  the  great  wheel ;  then  these  two  * 
levers  acting  by  turns,  will  keep  the  motion  tolerably  uniform,* 
and  the  power  at  N  will  have  nearly  a  uniform  action.     The 
wheel  CR  is  introduced  for  the  sake  of  softening  the  friction : 
but  it  must  be  carefully  adjusted  to  the  magnitude  of  the  waves, 
or  else  the  motion  will  be  hobbling  and  irregular.     On  this  ac- 
count the  following  method  of  obtaining  a  reciprocating  motion; 
is  more  usual. 

Instead  of  making  the  axis  ab  (fig.  3.  pi.  11.)  in  one  con- 
Hnued  straight  line,  let  it  be  bent  at  right  angles  in  the  points  - 
rf,  e,f,  g,  A,  &c.  so  that  the  portions  ef,  gh,  shall  be  parallel 
to  AB,  and  in  the  course  of  a  rotation  of  the  lantern  or  trundle ' 
EF,  they  will  describe  cylindrical  surfaces:  if,  then,    pistons' 
and  their  handles  i&,  ifr,  be  hung  upon  the  cranks  i,  i,  as  the 
rotatory  motion  of  the  trundle  ef  (when  worked  by  another 
wheel)  proceeds,  the  pistons  are  alternately  forced  up  and  down 
in  the  pumps;  and  thus  make  one  complete  stroke  of  each' 
pump  for  every  turn  of  the  lantern.  It  will  be  advisable  to  place 
pulleys  or  rollers  at  a,  6,  a,  6,  for  the  handles  or  chains  to  work 
against,  when  the  obliquity  of  the  motion  of  the  cranks  i,  I, 
carries  them  out  of  the  vertical  position. 

Other  methods  of  obtaining  reciprocrating  by  means  of  cir-* 
cular  motions  may  be  seen  nnder  the  articles  Air-pump  and 
Saw-mill.     See  also  pi.  XXXyill.  and  XXXIX.^ 

7.  To  produce  a  rotatory  motion  by  means  of  a  reciprocating 
one.  Suppose  it  is  required  to  give  to  the  wheel  svto  (fig.  4. 
pK  II.)  a  rotatory  motion  about  the  centre  c.  In  the  plane  of 
the  wheel,  attach  to  a  fixed  point  f  as  a  centre  of  motion  a 
lever  pg,  which  may  move  freely  up  and  down:  let  a  pin  be 
fixed  in  the  wheel  as  at  r;  and  let  an  inflexible  bar  qr  hang 
upon  the  pin  at  R  at  one  end,  while  the  other  end  is  attacbect* 
to  the  lever  fq  by  a  stirrup;  the  motion  being  quite  easy  at  both' 
ends.  Then,  while  the  point  q  is  raised  upwards  the  bar  puHs 
upwards  the  pin  r,  and  so  continues  to  do  until  the  points  q, 
K,  and  c,  f^ll  in  a  right  line ;  at  that  time  the  effort  of  the  bar' 
to  turn  the  wheel  is  nothing ;  but  the  wheel  by  its  anterior  ro- 
tation has  acquired  a  quantity  of  motion  which  will  carry  it  on 
in  the  same  direction,  till  by  the  downward  motion  of  the  ex- 
tremity Q  of  the  lever,  the  bar  begins  to  push  forward  the  pin 
to  which  it  is  attached :  thus  the  motion  is  continued  till  the 
points  Q,  c.  and  r,  are  again  in  a  right  line,  r  being  now  the 
farthest  trom  q  :  m  this  position  the  bar  has  no  tendency  to 
move  the  wheel  along  j  but  here  the  eflbrt  of  momentum  con- 
tinues the  motion,  as  before,  till  the  bar  begins  to  draw  the  point 
r  upwards.  And  thus  a  reciprocating  motion  of  the  lever  fr 
jgives  a  complete  rotatioi^  to  ^  wheel ;  and  the  velocity  of  the 
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circumference  of  the  w|ieel  may  be  piade  as  rapid  as  we  please, 
by  making  (he  distance  cr  so  much  the  smaller  in  comparison 
of  cv.  If  the  lever  Fa  be  below  the  wheel,  the  general  effect 
will  be  the  same,  but  the  particular  circumstances  of  the  mo« 
tion  will  succeed  each  other  in  a  contrary  order.  In  practice 
it  is  common  to  substitute  for  the  pin  at  R  the  handle  of  a 
bent  winch,  as  represented  by  the  4otted  lines  in  the  figip*e.  It 
is  not  absolutely  necessary  that  the  lever  and  wheel  should  be 
in  the  same  plane ;  but  deviations  from  it  are  not  often  to  be 
recommended,  except  in  small  machinery^  such  as  a  conmioa 
spinning  wheel  worked  by  the  feet,  &c.  When  it  is  not  re- 
quired to  have  a  complete  rotation  of  the  wheel,  for  every  ascent 
and  descent  of  the  lever  fq,  we  may  change  the  relation  pf  the 
two  inotions  in  aoy  proportion,  by  tihe  intervention  of  tooth  and 
pinion  work. 

8*  To  describe  a  rectilinear  recipracatins  motion,  by  means 
of  an  angular  or  circular  reciprocating  matton.  Let  it  be  pro- 
posed, for  example,  to  move  the  end  f  of  the  ^am  fh  to  and 
fit)  in  the  line  ec.  Fix  a  beam  ab  (fig.  9.  pi.  I.)  perpendicularly 
to  Ae  given  line  eg,  and  cut  in  that  beam  a  groove  CD  equal  in 
length  to  the  beam  fh  :  let  the  end  h  of  the  beam  fh  be  con- 
fined by  a  pin  to  run  along  the  groove  cd  ;  and  let  two  other 
pins  be  fixed,  one  at  g  the  middfe  point  of  the  beam  fh,  die 
other  at  c  the  lower  point  where  the  reciprocating  motion  of 
the  point  f  terminates :  take  an  iron  bar  C6  equal  in  length  to 
half  FH,  aud  let  it  move  upon  the  pins  c  and  g  as  joints.  Then 
while  tne  end  g  of  the  bar  or  guide  cg  moves  through  the 

auadrantal  arc  Lg  gk  ;  the  point  h  of  the  beam  will  slide  along 
le  groove  from  p  to  c,  and  the  point  F  along  the  line  c£  from 
c  to  £  :  and  when  the  guide  returns  from  k  by  o  to  l,  the  en(i( 
F  of  the  beani  will  return  along  the  line  £c.  For,  when  cg  :z 
OF  =  GH,  supposing  a  line  drawn  from  c  to  F,  the  angle  fgo  =s 
«CH  -I-  GHc  =  2gch  ;  and  cgh  =  GCF  +  gfc  =^  2gcf.  Hence 
we  have  2  gcf  +  2  och  =  fgc  +  hgc  ==  2  right  aisles,  ai^d 
conaequently  gcf  -f*  gch  =  hcf  =  1  right  angle :  that  b,  the 
point  F  falls  in  a  right  line  drawn  through  c  at  righi  angles  to 
CD.  And  when  fh  is  in  any  other  position,  as  /A,  the  sanie 
may  be  shewn. 

9.  To  communicate  v[U>tion  in  any  direction  by  wheels^  and  to^ 
construct  the  wheels  for  that  purpose.  Tlus  may  be  dc»ne  by 
placing  the  wheels  so  that  their  shafts  or  axles  shall  be  inclined 
n^  given  angles,  as  represented  in  figs.  1  and  7.  pi.  III.  And 
in  this  case  the  wheels  are  seldom  portions  of  cylinders,  but 
]|f^08t  commonly  portions  of  cones.  YHien  the  wheels  do  ^o,t 
ipake  an  angle  of  QO^,  the  adjustmenti  of  the  shape  ap^l  nu^« 
nitude  o|  tb^  conic  frusf;uin9  ^iw^  copji^t^t^  thftiiv^eels,  is 
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known  among  millwrights  bj  idie  n^me  of  hecel-^eer  work ;  a 
Coi|C]«e  account  of  which  is  here  added.  If  two  cones  a  and  b 
(fig.  3.  pl>  III.)»  whose  surfaces  always  touch  in  a  right  line,  as 
o^  revolve  on  their  axes  ab^  ac,  rolling  the  one  upon  the  other; 
and  if  the  bases  and  altitudes  of  these  cones  be  equal,  they  will 
ptr£3rm  complete  revolutions  in  one  and  the  same  time.  For 
since  the  bases  and  altitudes  are  equal,  circles  on  either  cone 
parallel  to  the  base,  and  at  equal  distances  from  the  vertex,  as 
the  distances  a2,  a2,  for  instance,  will  be  equal :  and  therefore 
wUle  the  surfaces  of  the  cones  roll  one  upon  another,  every 
point  in  die  circumference  of  one  of  these  circles  will  be 
brought  successively  into  contact  with  a  corresponding  point 
on  the  circumference  of  the  other,  and  they  will  both  have  re- 
volved in  im  equal  time.  Hie  same  will  hold  of  the  corre- 
sponding circles  at  any  other  equal  distances  from  the  vertex, 
a  I,  aS,  04,  &c.  and  consequently  the  two  cones  will  perform 
their  rotations  in  equal  times. 

Again,  -if  the  cone  ade  (fig.  3.  pi.  III.)  have  the  diameter 
of  its  base  double  that  of  the  cone  a^  while  their  slant  heights 
are  the  same ;  and  if  these  two  cones  turn  on  their  axes  ac,  ab, 
their  surfaces  during  the  rotation  always  touching  one  another 
in  a  right  line ;  then,  since  the  circumference  of  the  l>ase  de  is 
double  that  of  the  base  df,  and  the  circumference  of  every  cir« 
cubir  section  parallel  to  the  former  base,  double  that  of  every 
corresponding  section  parallel  to  the  latter  base,  it  follows  that 
wh^i  A%  cone  (ifd  has  performed  one  rotation,  the  cone  ade 
will  have  made  but  habf  a  rotation.  The  times  of  rotation 
being  in  the  ratio  of  their  bases. 

In  kke  manner,  if  die  cone  aed,  (fig.  4.  pi.  IIL)  have  the 
diameter  of  its  base,  to  die  diameter  of  die  oase  of  actf,  as  m 
t»  n,  the  slant  heights  being  the  same ;  and  if  these  cones  turn 
upon  their  axes  ac,  ab,  their  surfaces  being  always  in  coatact 
in  some  right  line  as  ad;  then  will  the  time  of  a  complete  ro- 
tation o(  the  eone  aed,  be  to  the  time  of  rotation  of  adf,  as 
iTiito  n'r  and  consequently  the  oumber  of  lotations  of  the  former 
cone  to  the  nuinber  of  rotations  of  the  latter  in  any  given  time, 
a3  n  to  m.  And  if  tbesie  coue$^  were  fluled,  the  flutes  diverging 
continually  from  the  apex  a  tadbebase,  they  would  become  co** 
nical  u  heels,  and  constitute  bevelrgeer, 

10.  rhu»,  if  Bb  and  Bd  (fig.  5.  pi.  HI.)  be  die  bases  of  two 
QQQ^^  luruiug  on  tjheir  ai^es,  having  teeth  cut  in  them  diverging 
filpm  thd^  cunimou  vertex,  h  to  those  bases,  such  teeth  wiU  work 
freely  into  one  aiiiother  from  one  end  to  tbe  other :  but,  as  such 
teijflii  would  h^  visi^y  diffiicult  of  adjustment  towards  the  pomt  a, 
^l9dL  l^^une  iq  pfiii(sUi?ei  ibfi  t^iso  axes  could  net  bothte  properly 
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fixed  to  one  and  the  same  point;  it  is  necessary  to  cut  off  a 
portion,  as  afe,  from  the  upper  part  of  both  cones,  and  apply 
the  axles  to  the  lower  parts  in  the  same  manner  as  in  common 
wheels.  The  great  advantages  of  these  conical  wheels  are,  that, 
their  teeth  may  be  made  of  any  breadth,  according  to  the  stress, 
they  are  to  sustain;  and  that  the  friction  will  be  small  in  com- 
parison of  that  occasioned  by  most  other  methods  of  com- 
municating motion  in  oblique  directions. 

1 1.  Now,  to  determine  the  dimensions  of  two  conical  wheels 
to  communicate  motion  in  any  oblique  angle,  the  follomng 
graphic  method  may  he  used.  Suppose  ab  (fig.  6.  pi.  III.)  to 
represent  the  shaft  or  axle  of  one  wheel,  and  de  the  axle  of  an- 
otner  wheel,  the  angle  x  in  which  they  intersect  each  other 
beiQg  equal  to  the  angle  in  which  the  motion  is  proposed  to  be 
communicated :  let  it  be  required  for  the  shaft  de  to  revolve  m 
times  while  the  shaft  ab  revolves  n  times ;  and  let  the  line  ii  be 
drawn  parallel  to  de  at  a  distance  equal  to  the  radius  of  the  base 
of  the  wheel  whose  axle  is  de.  Then  draw  a  line  kk  parallel 
to  abj  and  at  a  distance  yg  from  it,  which  shall  be  to  the  distance 
yh  as  m  to  7i :  through  x  the  point  of  intersection  of  the  lines 
first  proposed,  and^  the  intersection  of  the  two  lines  U,  kk, 
riBspectively  parallel  to  the  two  former,  draw  the  line  ocyw, 
which  will  be  the  pitch  line  of  the  two  conical  wheels,  or  the 
Hue  in  which  the  teeth  of  those  wheels  act  upon,  one  another ; 
au4  gy,  hy  will  represent  the  e:ij:terior  radii  of  the  wheels,  which 
will  work  one  against  the  other  after  the  manner  shewn  in 
fig.  7,  where  th^  corresponding  p^rts  are  marked  by  the  s^me 
letters.  A  third  shaft  and  wheel  may  easily  be  applied  to  com- 
municate motion  in  a  different  direction  from  either  of  the 
former :  as  the  shaft  and  wheel  rstD  in  fig.  7. 

It  is  manifest  from  what  is  done  above,  that  this  is  nothing 
more  than  to  divide  an  angle  bxh  into  two  parts  whose  sines 
shall  have  a  given  ratio  of  m  to  n:  a  well-known  problem 
which  solved  algebraically  gives  the  theorem,  2  sin  |  gxy  = 

2  sin  J  gxh  •  — ^.  (Simpson's  Select  Exercises,  pa.  188.)-   So 

that  all  which  is  required  here  may  be  easily  calculated  by  the 
common  rules  of  plane  trigonometry ;  and  thus  the  accuracy  of 
the  construction  may  be  established. 

12.  Univevial  joints  (invented  by  Dr.  Hooke)are  sometimes 
used  to  communicate  motion  obliquely,  instead  of  conical 
wheels.  I'ig.  8.  pi.  III.  represents  a  single  universal  joint  which 
may  be  employed  where  the  angle  does  not  exceed  40  degreeS| 
and  when  the  shafts  are  to  move  with  equal  velocity.  The 
.shafts  A  and  b  being  both  connected  with  a  cross^  will  move  oi| 
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the  rounds  at  the  points  cb  and  df,  and  thus  if  the  shaft  A  is 
turned  round^  the  shaft  n  will  likewise  turn  with  a  siqiilar  mo-. 
tion  in  its  respective  position. 

The  double  universal  joint  (fig.  9.  pi.  III.)  conveys  motion  in 
different  direc^ous  when  the  angle  is  between  50  and  90  de-. 
grees.  It  is  at  liberty  to  move  on  the  rounds  at  the  pomts  o, 
H,  I,  K,  connected  with  the  shaft  b  ;  also  on  the  points  l,  m,  n, 
T,  connected  with  the  shaft  A  :  thus  the  two  shafts  are  so  con- 
nected that  one  cannot  turn  without  causing  the  other  to  turn 
likewise.  These  joints  may  be  constructed  by  a  cross  of  iron, 
pr  with  four  pins  fastened  at  right  angles  upon  the  circumfer- 
ence of  a  hoop  or  of  a  solid  ball :  they  are  of  great  use  in  cot- 
ton mills^  where  the  tumbling  shafts  are  continued  to  a  great 
distance  from  the  moving  power :  for  by  applying  a  universal 
joints  the  shafts  may  be  cut  into  convenient  lengths,  and  so  be 
j^nabled  to  overcome  a  greater  resistance. 

13^  JVhen  the  number  of  teeth  in  each  of  two  wheels  is  given, 
and  the  diameter  of  one  ofthemy  the  diameter  of  the  other  should 
he  so  found  that  one  zvheel  may  drive  the  other  without  shaking: 
and  for  this  purpose  there  will  be  a  different  proportion  of  dia- 
meters or  of  radii,  according  to  the  number  of  teedi  which  are  to 
be  in  contact.  Let  ade,  bdp  (fig.  10.  pi.  III.)  represent  por- 
tions of  the  wheels,  c  the  point  where  the  teeth  ought  first  to 
come  into  contact:  draw  cd  perpendicular  to  ab  the  right  line 
joining  the  centres  of  the  wheels;  and  if  this  be  recko.ted  the 
radius,  cb  will  be  the  secant  of  the  angle  dcb,  and  ac  the  se- 
cant of  the  angle  dca.  Consequently,  cb  :  ca  :  :  secant  dob  : 
secant  dca  :  :  cosec.  dbc  :  cosec.  dac.  But,  the  number  of 
teeth  in  each  wheel  being  given,  the  angles  dbc,  dac,  vary  as 
half  the  number  of  teeth  in  contact.  Therefore,  divide  the  arch 
of  the  semicircle,  or  180  degrees,  by  half  the  number  of  teeth 
in  each  wheel,  and  proportion  the  radii  of  the  wheel  to  the  co- 
secants of  the  quotients,  or  of  double,  or  of  treble  the  quotients^ 
according  to  the  depth  of  the  wheels  running,  viz.  according  as 
they  are  to  have  two,  four,  or  six  teeth,  in  contact ;  so  shall  the 
motion  be  regular  and  free  from  shaking. 

In  art.  147*  of  the  first  volume,  we  described  the  best  forms 
for  the  teeth  of  wheels :  in  many  cases,  however,  a  small  devia- 
tion from  these  perfect  forms  is  not  of  great  importance.  But 
in  cases  where  the  utmost  accuracy  is  required,  as  in  the  pallets 
of  clocks  and  watches,  the  form  of  the  teeth  must  be  carefully 
attended  to.     See  the  article  Teeth  in  this  volume. 

14.  To  regulate  any  motion  and  make  it  uniformy  one  of  the 
jnost  obvious  methods  is  that  by  means  of  a  pendulum  and  scape- 
ment.  Thus,  (fig.  5.  pi.  II.)  as  the  pendulum  ab  vibrates,  it 
causes  EFG  to  vibrate  also,  about  the  axis  FG :  whilst  the  pen- 
4ulum  vibrates  towards  d  a  tooth  of  the  wheel  kl  goes  off  the 
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Iiallet  I,  and  another  catches  the  pallet  h  :  and  when  the  pendu- 
um  returns  towards  c,  it  draws  the  pallet  h  off  the  tooth,  and 
another  catches  the  pallet  i ;  and  so  on  alternately.  So  that,  at 
every  vibration  of  the  pendulum,  a  tooth  goes  off  one  or  other 
of  the  pallets :  and,  as  the  vibrations  of  the  pendulum  are  iso- 
chronous, the  teeth  move  from  the  pallets  uniformly,  the  whole 
notation  of  the  wheel  kl  is  made  regularly,  and  by  reason  of  the 
connection  of  the  teeth  and  pinions  the  descent  of  w  is  uniform, 
which  would  otherwise  have  beenaccelerated.SeeScAP£MENTs. 

15.  Professor  Robison  has 'given  some  general  observations 
on  the  construction  of  machines,  and  on  the  regulating  of  their 
motions,  which  appear  highly  worthy  of  tiie  reader's  attention, 
and  are  therefore  extracted,  as  below. 

When  heavy  stampers  are  to  be  raised,  in  order  to  drop  on 
the  matters  to  be  pounded,  the  wipers  by  which  they  are  lifted 
should  be  made  of  such  a  formi  that  the  stamper  may  be  raised 
by  a  uniform  pressure,  or  with  a  motion  almost  perfectly  utai- 
fomn.    ilf  this  is  not  attended  tp,  and  the  wiper  is  only  a  pin 
sticking  out  from  the  axis,  the  stamper  is  forced  into  motiop  at 
once.     This  occasions  violent  jolts  to  the  machine,  and  great 
strains  on  its  moving  parts  and  their  points  of  support ;  whereas 
when  they  are  gradually  lifted,  the  inequality  of  desultory  motion 
is  nevt  r  felt  at  the  in^pelled  point  of  the  machine.     We  have 
seen  pistons  moved  by  means  o(  a  doable  rack  on  the  piston-^od. 
A  half  wheel  takes  hold  of  one  rack,  and  raises  it  to  the  required 
height.     The  moment  the  half  wheel  has  quitted  that  side  of 
the  rack,  it  lays  hoid  of  the  other  side,  and  forces  the  piston 
d^wn  again.     This  is  proposed  as  a  great  improvement ;  cor- 
recting the  unequable  motion  of  the  piston  moved  in  the  com- 
mon wa>  by  a  crank.     But  it  is  far  inferior  to  the  crank  motion. 
It  occasions  such  abrupt  changes  of  motion,  that  the  machine  is 
shaken  by  jolts.      Incfeed  if  the  movement  were  accurately  exr 
ecuted,  the  machine  would  be  shaken  to  pieces,  if  the  parts  did 
not  give  way  by  bending  and  yielding.     Accordingly,  we  have 
always  observed  that  this  motion  soon  failed,  and  was  changed 
for  one  that  was  more  smooth,  injudicious  engineer  will  avoid 
aH  such  sudden  changes  of  motion,  especially  in  any  ponderous 
part  of  a  machine. 

When  several  stampers,  pistons,  or  other  reciprocal  movers, 
are  to  be  raised  and  depressed,  common  sense  teaches  us  to 
distribute  their  times  ot  action  ifi  a  uniform  manner,  so  that  the 
machine  may  always  be  equally  loaded  with  work.  When  this 
is  done,  and  the  observations  in  the  preceding  paragraph  attended 
to,  the  machine  may  be  made  to  move  almost  as  smoothly  as  if 
Ihere  were  no  reciprocations  m  it  M  otiiiug  shews  the  ingenuity 
of  the  author  more  than  the  artful  yet  simple  and  effectual  coi^- 
trivances  for  obviating  those  difficulties  mat  unavoidably  arise 
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from  the  yery  nature  (tf  die  work  that  must  be  performed  by 
the  machine,  and  of  the  power  employed. 

l€i.  There  is  also  great  room  for  ingenuity  and  good  choice 
iq  the  management  of  the  moving  power^  wh^n  it  is  such  as 
cannt^t  immediately  produce  the  kind  of  motion  required  for 
effectii^  the  purpose.  We  mentioned  the  conversion  of  the 
coatipued  rotatiop  of  an  axis  into  the  reciprocating  motion  of  a 
piston,  and  the  improvement  which  was  thought  to  have  been 
made  on  the  common  and  obvious  contrivance  of  a  ciank,  by 
substituting  a  double  rack  on  the  piston-rod,  and  the  incon- 
venience arising  from  the  jolts  occasioned  by  this  change.  We 
have  seen  a  great  forge^  where  the  engineer,  in  order  to  avoid 
the  same  inconvenience  arising  from  the  abrupt  motion  given  to 
the  great  sledge  hampaer  of  s^ven  hundred  weight,  resisting  with 
a  five-fold  momentum,  formed  the  wipers  into  spirals,  which 
cpmmunicated  motion  to  the  hammer  almost  without  any  jolt 
whatever;  but  the  result  was,  that  the  hammer  rose  no  higher 
than  it  had  been  raised  in  contact  with  the  wiper,  and  then 
fell  on  the  iron  bloom  ^yith  very  little  effect.  The  cause 
of  its  inefficiency  was  not  guessed  at;  but  it  was  removed,  and 
wipers  of  the  common  form  were  put  in  place  of  the  spirals* 
In  this  operation,  the  rapid  motion  of  the  hammer  is  absolutely 
necessary.  It  b  not  enough  to  lift  it  up  ;  it  must  be  tossed  up, 
so.  as  to  fly  h^her  than  the  wiper  lifts  it,  and  to  strike  with  great 
force  the  strong  oaken  spring  which  is  placed  in  its  way.  It 
compresses  thb  spring,  a^d  is  reflected  by  it  with  a  considerable 
vdocity,  so  as  to  hit  the  iron  as  if  it  had  faUeii  from  a  great 
height.  Had  it  been  allowed  to  fly  to  that  height,  it  would  have 
fallen  upon  the  iron  with  somewhat  more  force  (because  no 
oaken  sprmg  is  perfectly  elastic) ;  but  this  would  have  required 
more  than  twice  the  time. 

17.  In  employing  a  power  which  of  necessity  reciprocates,  to 
drive  macbiuery  whiph  requires  a  continuous  motion  (as  m  ap* 
plying  the  steam  engine  toi  a  cotton  or  a  grist  mill),  there  also 
occur  gr^at  difficulties.  The  necessity  of  reciprocation  in  flie 
first  mover  wastes  much  power;  because  the  instrument  which 
conununicates  such  an  enormous  force  must  be  extremely 
strong,  and  be  well  supportecL  /  The  impelling  power  is  wasted 
in  imparting,  and  afterwards  destroying,  a  vast  quantity  of 
motion  in  the  working  beam.  The  skilful  engineer  will  attend 
to  this,  and  do  his  utmost  to  procure  tl;ie  necessary  strength  of 
this  firs»t  mover,  without  making  it  a  vast  load  of  inert  matter. 
He  wirll  also  remark,  that  all  the  strains  on  it,  and  on  its 
supports,  are  changing  their  directions  in  every  stroke.  This 
requires  particular  attention  to  the  m^anner  of  supporting  it  If 
we  observe  the  steam  engines  which  have  been  long  erected. 
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we  see  that  they  have  uniformly  sbaken  the  building  to  pieces.  ' 
This  has  been  owing  to  the  ignorance  or  inattention  of  the  en-  ' 
gineer  in  this  particular.  They  are  much  more  judiciously 
erected  now^  experience  having  taught  the  most  ignorant  that 
no  -building  can  withstand  their  desultory  and  opposite  jolts, 
and  that  the  great  movements  must  be  supported  bv  a  frame- 
work independent  of  the  building  of  masonry  which  contains 

The  engineer  will  also  remark,  that  when  a  single-stroke 
steam  engine  is  made  to  turn  a  mill,  all  the  communications  of 
motion  change  the  direction  of  their  pressure  twice  every  stroke. 
During  the  working  stroke  of  the  beam,  one  side  of  the  teeth  of 
the  intervening  wheels  is  pressing  the  machinery  forward ;  but 
during  the  returning  stroke,  the  machinery,  already  in  motion, 
is  dragging  the  beam,  and  the  wheels  are  acting  with  the  other 
side  of  the  teeth.  This  occasions  a^  rattling  at  every  change,  ■ 
and  makes  it  proper  to  fashion  both  sides  of  the  teeth  with  the 
some  care. 

It  will  frequently  conduce  to  the  good  performance  of  an  en-  - 
gine,  to  make  the  action  of  the  resisting  work  unequable,  accom- 
modated .tixithe  inequalities  of  the  impelling  power.  This  will 
produce  a  more  uniform  motion  in  machines  in  which  the  mo- 
mentum of  inertia,  is  inconsiderable.  There  are  some  beantifiil 
specimens  of  this  kind  of  adjustment  in  the  mechanism  of  ani- 
mal bodies. 

18.  It  is  very  customary  to  add  what  is  called  a  Fly  to  ma- 
chines. This  is  a  heavy  disk  or  hoop,  or  other  mass  of  matter 
balanced  on  its  axisy  and  so  connected  with  the  machinery  as  to 
turn  brishly  round  with  it.'  This  may  be  done  with  the  view  of 
rendering  the  motion  of  the  whole  more  regular,  notwithstand- 
ing unavoidable  inequalities  of  the  accelerating  forces,  or  of  the 
resistances  occasioned  by  the  work.  It  becomes  a  Reg  i;  l ator. 
Suppose  the  resistance  extremely  unequal,  and  the  impelling 
power  perfectly  constant ;  as  when  a  bucket  wheel  is  employed 
to  work  one  pump.  When  the  piston  has  ended  its  working 
stroke,  an(i  while  it  is  going  down  the  barrel,  the  power  of  the 
wheel  being  scarcely  opposed,  it  accelerates  the  whole  machine, 
and  the  piston  arrives  at  the  bottom  of  the  barrel  with  a  consi- 
derable velocity.     But  in  the  rising  again,  the  wheel  is  opposed 

•  The  gudgeons  of  a  water-wheel  should  never  rest  on  the  wall  of  the 
building.  It  shakes  it;  and  if  set  up  soon  after  the  building  has  been 
erected,  it  prevents  the  mortar  from  taking  firm  bond ;  perhaps  by  shat-  " 
tering  the  calcareous  crystals  as  they  form.  When  the  engineer  is  obliged 
to  rest  the  gudgeons  in  this  w^ay,  they  should  be  supported  by  -.  t)lock  of 
oak  laid  a  little  hollow.  This  softens  all  taremors,  like  springs  of  a  whee) 
carriage.  This  practice  would  be  very  serviceable  in  many  other  parts  of 
the  construction. 
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by  the  column  of  water  now  pressing  on  the  piston.  This  im- 
mediately retards  the  wheel ;  and  when  the  piston  has  reached 
the  top  of  the  barrel,  all  the  acceleration  is  undone,  and  is  to 
begin  agaiu.  The  motion  of  such  a  machine  is  very  hobbling  : 
but  the  superplus  of  accelerating  force  at  the  beginning  of  a  re- 
turning stroke  will  not  make  such  a  change  in  the  motion  of  the 
machine  if  we  connect  the  fly  with  it.  For  the  accelerating 
momentum  is  a  determinate  quantity.  Therefore,  if  the  radius 
of  the  fly  be  great,  this  momentum  will  be  attained  by  com- 
municating a  small  angular  motion  to  the  machine.  Tlie  mo- 
mentum of  the  fly  is  as  the  square  of  its  radius ;  therefore  it  re- 
sists acceleration  in  this  proportion;  and  although  the  overplus 
of  power  generates  the  same  momentum  of  rotation  in  the 
whole  machine  as  before,  it  makes  but  a  small  addition  to  its 
velocity.  If  the  diameter  of  the  fly  be  doubled,  the  augmenta- 
tion of  rotation  will  be  reduced  to  one^fourth.  Thus,  by 
giving  a  rapid  motion  to  a  small  quantity  of  matter,  the  great 
acceleration  during  the  returning  stroke  of  the  piston  is  pre- 
vented. This  acceleration  continues,  however,  during  the  whole 
of  the  returning  stroke,  and  at  the  end  of  it  the  machine  has 
acquired  its  greatest  velocity.  Now  the  working  stroke  begins^ 
and  the  overplus  of  power  is  at  an  end.  The  machine  ac- 
celerates no  more ;  but  if  the  power  is  just  in  equilibrio  with 
the  resistance^  it  keeps  the  velocity  which  it  has  acquired,  and 
is  still  more  accelerated  during  the  next  returning  stroke.  But 
now,  at  the  beginnifng  of  the  subsequent  working  stroke,  there 
is  an  overplus  of  resistance,  and  a  retardation^ begins,  and  con^ 
tinues  during  the  whole  rise  of  the  piston ;  but  it  is  considerable 
in  comparison  of  what  it  would  have  been  without  the  fly ;  for 
the  fly,  retaining  its  acquired  momentum,  drags  forward  the 
rest  of  the  machine,  aiding  the  impelling  power  of  the  wheel. 
It  does  this  by  all  the  communications  taking  into  each  other 
in  the  opposite  direction.  The  teeth  of  the  intervening  wheels 
are  heard  to  drop  from  their  former  contact  on  one  side,  to  a 
contact  on  the  other.  By  considering  this  process  with  atten- 
tion, we  easily  perceive  that,  in  a  few  strokes,  the  overplus  of 
power  during  the  returning  stroke  comes  to  be  so  adjusted  to 
the  deficiency  during  the  working  stroke,  that  the  accelerations 
and  retardations  exactly  destroy  each  other,  and  every  succeeding 
stroke  iB  made  with  the  same  velocity,  and  an  equal  number  of 
strokes  is  made  in  every  succeeding  minute.  Thus  the  machine 
acquires  a  general  uniformity  with  periodical  inequalities.  It  is 
plain,  that  by  sufficiently  enlarging  either  the  diameter  or  the 
weight  ol  the  fly,  the  irregularity  of  the  motion  may  be  rendered 
as  small  as  we  please,  it  is'much  better  to  enlarge  the  diameter. 
This  preserves  the  frictioQ  more  moderate,  and  the  pivot  wears 
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less.  Y^r  these  reasons^  a  fly  is  in  general  a  considerable  improTe- 
ment  in  machineryy  by  equalising  many  exertions  that  are  nA- 
turally  very  irregular.  Thus^  a  man  working  at  a  commoii 
windlass  exerts  a  vei;y  irregular  pressure  on  the  winch.  In  one 
of  his  positions  in  each  turn  he  can  exert  a  force  of  near  70 
pounds  without  fatigue^  but  in  another  he  cannot  exert  above 
25;  nor  must  he  be  loaded  with  much  above  this  in  general. 
But  if  a  large  fly  be  connected  properly  with  the  windlass,  he 
will  act  with  equal  ease  and  speed  agjainst  30  pounds. 

This  reguli^ng  power  of  the  fly  is  withotit  bounds,  and  may 
be  used  to  render  uniform  a  motion  produced  by  the  most  de- 
sultory and  irregular  power.  It  is  thus  that  the  most  regular 
motion  is  given  to  mills  that  are  driven  by  a  single-stroke  steam 
engine,  wh^re  for  two  or  even  three  seconds  there  is  no  force 
pressing  the  mill  round.  The  communication  is  made  through 
a  massive  fly  of  very  great  diameter,  whirling  with  great  ra- 
pidity.  As  soon  as  the  impulse  ceases,  the  fly,  continuing  its 
motion,  urges  round  the  whole  machinery  with  almost  unabated 
spe^d.  At  this  instant  all  the  teeth,  and  all  the  joifats,  between 
the  fly  and  the  first  mover,  ar^  heard  to  Catch  in  the  opposite 
direction. 

If  any  permanent  change  should  happen  in  the  impelling 
power,  or.  in  the  resistance,  die  fly  makes  no  obstacle  to  its  pro- 
duciug  its  full  effect  on  flie  machine ;  and  it  will  be  observed  ta 
accelerate  or  retard  uniformly,  till  a  new  general  speed  is  ac* 
quired  exactly  corresponding  with  tliis  new  power  and  re- 
sistance* 

19-  Many  machines  include  in  their  construction  movements 
which  are  equivalent  with  this  intentional  regulator.  A  flour 
mill,  for  example,  cannot  be  better  r^ulated  than  by  its  mill-* 
ston^ ;  but  in  the  Albion  mills,  a  heavy  fly  was  added  with  great 
propriety ;  for^if  the  mills  had  been  regulated  by  their  millstones 
only,  then  at  every  change  of  stroke  in  the  steam  ei^ine,  the 
whole  train  of  communications  between  the  beam,  which  is  flie 
first  mover,  and  the  regulating  millstone,  which  is  the  very  las^ 
mover,  would  take  in  the  opposite  direction.  Although  eacb 
dro'p  in  the  teeth  and  joints  be  but  a  trifle,  the  whole,  added 
together,  would  make  a  considerable  jolt.  This  is  avoided  by  9 
regulator  immediately  adjoining  to  die  beam.  This  continually 
ll^esses  the  working  machinery  in  one  direction.  So  judiciously 
were  the  nsovements  of  that  noble  machine  contrived,  and  so, 
^nicely  were  they  executed,  that  not  the  least  noise  was  heardy 
not  the  slightest  tremor  felt  in  the  building. 

20.  Mr.  Valou6's  beautiful  pile  engine  employed  at  West^ 
Oiinster  Bridge  is  another  remarkable  instance  of  the  regulating 
power  of  a  fly.    When  the  ram  b  dropped|  and  its  fo^ower 
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disengaged  imiliediatfelj  after  it,  the  hdrs^s  trduld  iastandy 
tumble  down^  becaase  the  Iclad^  against  which  they  had  been 
straining  hard,  is  at  once  taken  o£P;  but  the  gin  is  connected 
with  a  very  large  fly,  which  checks  any  remarkable  acceleration^ 
allowing  the  horses  to  lean  on  it  during  the  descent  of  the  load; 
after  which  their  draught  recommences  immediately.  The 
spindles^  cards,  and  bobbins,  of  a  cotton  mill,  are  also  a  sort  of 
flies.  Indeed  all  bulky  madiines  of  the  rotative  kind  tend  to 
preserve  their  motion  with  some  degree  of  steadiness,  and  their 
great  momeptum  of  inertia  is  as  useful  in  this  respect  as  it 
is  prejudicial  to  the  acceleration  or  any  reciprocation  when 
wanted. 

21.  There  is  another  kind  of  regulating  fly,  consisting  of 
wings  whirled  briskly  round  till  the  resistance  of  flie  air  prevents 
any  great  acceleration.  This  is  a  veiy  bad  one  for  a  working 
machitie,  for  it  produces  its  e£Pect  by  realfy  tMSting  a  part  of  fli^ 
moving  power.  Fre<ldently  it  employs  a  very  great  ^bA  um 
known  part  of  it>  and  robs  the  proprietor  of  much  work.  It 
should  never  be  introduced  into  any  machine  employed  in  ma* 
sufacdures. 

22.  Some  rafe  cases  occur  where  a  very  difierent  regulator  is 
required:  where  a  certain  deterfiftined  velocity  is  found  necessary. 
In  this  Case  the  machine  is  furnished,  at  its  extreme  mover,  widi 
a  conical  pendulum,  consisting  of  two  heavy  balls  hanging  by  rods, 
which  move  in  very  irice  and  steady  joints  at  the  top  of  a  vertical 
axis.  It  is  well  known,  that  when  this  axis  turns  round,  with 
an  angular  velocity  suited  to  the  length  of  those  pendulums,  the 
time  if  a  revolution  is  determined.  Thus,  if  the  length'  of  each 
pendulum  be  SQI  inches/ &e  axis  will  make  a  resolution  in  two 
seconds  very  nearly.  If  we  attempt  to  force  it  more  swifdy 
round,  the  balls  vnll  recede  a  little  from  the  axis,  but  it  employe 
as  long  time  for  a  revoluMon  as  before ;  and  we  cannot  make  it 
turn  swifter,  unless  the  impelling  power  be  increased  beyond  all 
probability :  in  which  case  the  pendulum  will  fly  out  from  the 
centre  tiH  the  rods  are  horizontal,  after  which  ^very  increase  oS 
power  will  accelerate  the  machine  very  sensibly.  Watt  and 
Boulton  have  applied  this  contrivance  with  great  ingenuity  to 
their  steam  engine^,  when  they  are  employed  for  driving  ma* 
ehinery  for  manufactures  which  have  a  very  changeable  resist* 
ance,  and  wht;re  a  certain  speed  cannot  be  much  cksparted  from 
without  great  inconvenience.  They  have  connected  thi»  recesflp 
of  the  balls  from  the  axis  (which  gives  iitaniediate  indication  of 
an  increase  of  power  or  a  diminution  of  resistance)  with  the 
cock  which  admits  ihe  steam  to  the  working  cylinder.  The 
balls  flying  out  cause  the  cock  to  close  a  littie,  and  diminish 
Idle  supply  of  steam.    The  impelling  power  diminishes  the  next 
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moment,  and  the  balls  again  approach  the  axis,  and  the'  rottf^^ 
tion  goes  on  as  before,  although  there  may  have  occurred  a  Terj 
great  excess  or  deficiency  of  power.     See  Governor. 

€3.  A  fly  is  sometimes  employed  for  a  very  different  purpose 
from  that  of  a  regulator  of  motion — it  is  employed  as  a  collector 
ofpofwer.  Suppose  all  resistance  moved  from  the  working  point 
of  a  machine  furnished  with  a  very  large  or  heavy  fly  imme- 
diately connected^  with  the  working  point.  When  a  small  force 
is  applied  to  the  impelled  point  of  this  machine,  motion  will 
begin  in  the  machine,  and  the  fly  begin  to  turn.  Continue  to 
press  uniformly,  and  the  machine  will  accelerate.  This  may  be 
continued  till  the  fly  has  acquired  a  very  rapid  motion.  If  at 
this  moment  a  resisting  body  be  applied  to  the  working  point,  it 
will  be  acted  on  with  very  great  force ;  for  the  fly  has  now  ac- 
cumulated in  its  circumference  a  very  great  momentum.  If  a 
body  were  exposed  immediately  to  the  action  of  this  circum* 
ference,  it  would  be  violently  struck.  Much  more  will  it  be  so, 
if  the  body  be  exposed  to  the  action  of  the  working  point,  which 
perhaps  makes  one  turn  while  the  fly  makes  a  hundred.  It  will 
exert  a  hundred  times  more  force  there  (very  nearly)  than  at  its 
own  circumference.  All  the  motion  which  has  been  accu- 
mulated on  the  fly  during  the  whole  progress  of  its  acceleration 
is  exerted  in  an  instant  at  the  working  point,  multiplied  by  the 
momentum  depending  on  the  proportion  of  the  parts  of  thema*^ 
chine.  It  is  thus  that  the  coining  press  performs  its  ofiice ;  nay, 
it  is  thus  that  the  blacksmith  forges  a  bar  of  iron.  Swinging  the 
great  sledge  hammer  round  his  head,  and  urging  it  with  force 
the  whole  way,  this  accumulated  motion  is  at  once  extinguished 
by  impact  on  the  iron.  It  is  thus  also  we  drive  a  nail,  &c.  This 
accumulating  power  of  a  fly  has  occasioned  many  to  imagine 
that  a  fly  really  adds  power  or  mechanical  force  to  an  engine ; 
and,  not  understanding  on  what  its  eflicacy  depends,  they 
often  place  the  fly  in  a  situation  where  it  only  adds  a  useless 
burden  to  the  machine.  It  should  always  be  made  to  move 
with  rapidity.  If  intended  for  a  mere  regulator,  it  should  be 
near  the  first  mover :  and  if  it  be  intended  to  accumulate  force 
in  the  working  point,  it  should  not  be  far  separated  from  it. 
In  a  certain  sense,  a  fly  may  be  said  to  add  power  to  a  ma- 
chine, because  by  accumulating  into  the  exertion  of  one  moment 
the  exertions  of  many,  we  can  sometimes  overcome  an  obstade 
that  we  never  could  have  balanced  by  the  same  machine  un- 
aided by  the  fly.  And  it  is  this  accumulation  of  force  which 
gives  such  an  appearance  of  power  to  some  of  our  first 
movers."  (See  Supplement^  Encyctoptedia  Britan.  art.  Ma^ 
chinerj/.) 

24.  From  these  observations  it  is  easy  to  pass  to  the  con-  « 
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struction  of  elementary  machines ;  and  it  will  be  advantageous 
to  the  young  mechanist  to  see  several  of  them  collected  into 
one  point  of  view.  For  this  purpose  we  have  exhibited  in  plates 
XXXVIII.  and  XXXIX.  (extracted  from  M.  Hachette's  in- 
genious Traiti  Elementaire  des  Machines^)  ten  distinct  series 
of  simple  machines^  contrived  for  the  purpose  of  changing  or 
modifying  motion.  Thus  the  1st  series  exhibits  different  me- 
thods of  changing  the  direction  of  continued  rectilinear  motion* 
The  2d  relates  to  the  conversion  of  continued  rectilinear^  to 
alternating  rectilinear  motion^  and^so  on;  the  whole  being 
readily  <:lassed  thus. 


iSeries. 
1 

Specimens. 

Conversion  of 

Into 

5 

Continued  rectilinear 

Continued  rectilinear 

2 

Continued  rectilinear 

Alternating  rectilinear 

3 

16 

Continued  rectilinear 

Continued  circular 

4 

5 

Continued  rectilinear 

Alternating  circular 

5 

22 

Continued  circular 

Alternating  rectilinear 

6 

11 

Continued  circular 

Continued  circular 

7 

17 

Continued  circular 

Alternating  circular 

8 

Alternating  rectilinear 

Altematiug  rectilinear 

^ 

10 

Alternating  rectilinear 

Alternating  circular 

10 

5 

Alternating  circular 

Alternating  circular 

The  construction  of  most  of  these  machines  will  be  evident, 
from  the  respective  diagrams.  Others  will  be  explained  in  the 
course  of  the  present  volume.  We  apprehend  it  would  be 
highly  useful  for  such  persons  as  are  beginning  to  exercise 
themselves  in  the  construction  of  complex  machines^  to  have  the 
substance  of  these  ten  series  drawn  upon  a  large  sheet  of  paste- 
board, with  spare  compartments  to  be  occupied  by  new  con- 
trivances in  any  one  class,  as  they  occur.  Casting  the  eye  over 
the  whole  would  frequently  suggest  an  ingenious  and  beneficial 
combination. 

On  Friction^  and  the  Stiffness  of  Ropes. 

25.  Most  of  the  propositions  laid  down  in  the  first  volume  of 
Ais  work  have  been  conducted  upon  the  supposition  that  all 
bodies  are  perfectly  smooth,  that  they  slide  over  one  another 
without  any  friction,  and  that  cords  and  ropes  are  perfectly 
flexible.  But  since  there  is  no  such  thing  as  perfect  smoothness 
in  bodies,  no  machine  can  move  without  a  mutual  rubbing  of 
lis  parts,  at  all  points  of  communication ;  and  when  we  con- 
sider the  mode  of  operation  of  the  teetli  of  wheel  work,  the 
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wipers  and  liftS|  the  gudgeons  of  the  different  ^xes,  &c«  we 
shall  see  that  friction^  by  which  we  mean  the  resistance  a  body 
meets  with  from  the  surface  on  which  it  moves,  has  consider- 
able effect  in  retarding  tlie  motion  of  machines^  or  gives  oc^ 
casion  for  the  exertion  of  much  more  power  in  order  that  the 
machine  may  move  with  the  requisite  velocity.  Indeed  in  many 
machines,  as  polishing  mills,  grinding  mills,  boring  and  sawing 
mills,  the  ultimate  task;  performed  is  either  friction  or  very 
much  resembles  it.  So  that  some  knowledge  of  the  nature  of 
friction  seems  absolutely  necjpssary,  to  enable  us  to  apply  the 
principles  of  the  simple  theory  to  any  useful  practical  purpose. 

Much  attention  has,  therefore,  been  paid  to  this  subject  by 
many  ingenious  men ;  but  as  yet  their  labours  have  not  greatly 
.added  to  the  stock  of  knowledge  a»  to  the  real  nature  of 
friction :  and  although  some  ingenious  theories  have  been  de- 
duced from  the  experin\ents  which  have  already  been  niade, 
they  rest  upon  very  limited  hypotheses^  and  are  of  little,  if  any> 
actual  utiUly.  This  being  our  opinion,  the  reader  wUl  not  ex- 
pect a  minute  exposition  of  the  theory  ii>  this  place.  We  shall 
merely  present  a  single  propositicm,  which  tends  to  an  obvipu^ 
practical  purpose,  and  does  not  require  the  admission  of  more 
dian  one  new  principle,  viz.  that  the  friction  varies  nearly  as 
thevressure. 

Itrop.  jI  power  which  moves  a  body  along  a  horizontal 
plane,  acts  with  the  greatest  advantage  when  the  line  ofdirec-- 
tion  makes  an  angle  of  about  18^''  with  the  plane.  Let  b  (fig. 
2.  pL  I.)  be  Che  body  which  is  to  be  moved  along  the  horizontal 
plane  bc,  by  a  given  powei'  estimated  in  quantity  and  direction 
by  BA.  Demit  the  perpendicular  ac  :  and  let  the  given  line 
AB=  I  =  radius,  ac=  sin  ABcr=x,  Bcn:  •  (1  — ^*)  =  the  force 
moving  the  body  horizontally.  The  power  by  its  oblique  action 
diminishes  the  pressure  of  the  weight  on  the  horizontal  plane  in 
the  ratio  of  I  :  x,  therefore  ar  =r  that  part  of  the  pressure  which 
U  taken  off,  and  the  actual  pressure  =  b  —  bx.    Let  friction  be 

z:  — th  part  of  the  weight  or  pressure:  that  is,  let  it  be  :=— ^b 

—  ^  BJT.  Then  the  force  requisite  to  move  b  horizontally  must 

be  equal  to  the  horizontal  force  diminished  by  friction,  or  = 
B  ( 1  —  **)  —  ~B  +  ^Bx.  This  is  to  be  a  mininum.or  its  fluxion 

-^  B^  — rr—r7—Q' hence  we  find  JT  =:^  , .  In.  =  sine  of  the 
angle  abc.     And  if,  as  has  been  concluded  from  many  experi- 

m  1  • 

meats,  —  =4-  then  will  xzz  TC7r-=  sine  of  18*  26'  nearly* 
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*  If  the  plaiie  alotig  which  the  body  js  to  be  moved  be  iti- 
clined  to  the  horizoD,  the  sine  of  the  angle  which  the  line  of  di- 
rection or  traction  of  the  power  makes  with  the  plane^  when  it 

acta  with  the  greatest  advantage^  will  be  nearly  =-—--,  c  being 

the  cosine  of  the  angle  of  elevation  to  radius  =  unity. 

26.  The  principle  assumed  in  the  investigation  above  is,  how-" 
ever^  by  no  means  general  in  its  application ;  as  there  are  many 
circumstances  which  modify  the  operation  of  friction,  and  cause 
deviations  from  this  law.  These  circumstances  will  be  best 
learnt  by  reflecting  upon  some  of  the  experiments  which  have 
been  made  relative  to  the  friction  of  bodies  in  motion.  Of 
such  experiments  we  shall  first  describe  those  of  Mr.  Professor 
Vince,  which  were  conducted  with  great  care  and  ingenuity,  and 
led  to  some  important  results.  The  object  of  this  philosopher 
was  to  determine  the  following  queslions : 

1 .  Whether  friction  be  a  uniformly  retarding  force  i 

2.  What  is  the  quantity  of  friction  ? 

S.  Whether  the  friction  varies  in  proportion  to  the  pressure 
or  weight  ? 

4.  Whether  the  friction  be  the  same  on  whichever  of  its  sur- 
faces a  body  moves  i 

( 1 .)  With  respect  to  the  first  of  these  questions,  the  author 
truly  observes,  that  if  friction  be  a  uniform  force,  the  difierence 
between  it  and  the  given  force  of  the  moving  power  employed  to 
overcome  it  must  also  be  uniform;  and  that  therefore  the  moving 
power,  if  it  be  a  body  descending  by  its  own  weight,  must  de- 
scend with  a  uniformly  accelerated  velocity,  just  as  when  there 
M'as  no  friction.  The  spaces  described  from  the  beginning  of 
the  motion  will  indeed  be  diminished  in  any  given  time  on  ac- 
count of  the  friction ;  but  still  they  must  be  to  each  other  as  the 
squares  of  the  times  employed. 

(2.)  A  plane  was  therefore  adjusted  parallel  to  the  horizon, 
at  the  extremity  of  which  was  placed  a  pulley,  which  could  be 
elevated  or  depressed,  in  order  to  render  the  string  which  con- 
nected the  body  and  the  moving  force  parallel  to  the  plane.  A 
scale  accurately  divided  was  placed  by  the  side  of  the  pulley 
perpendicular  to  the  horizon,  by  the  side  of  which  the  moving 
force  descended ;  upon  the  scale  was  placed  a  moveable  stage, 
which  coulcl  be  adjusted  to  the  space  through  which  the  moving 
force  descended  in  any  given  time;  which  time  was  measured 
by  a  well-regulated  pendulum  clock  vibrating  seconds.  Every 
thing  being  thus  prepared,  the  following  experiments  were  made 
to  ascertain  the  law  of  friction. 

(d.)  £xp.  i.  A  body  was  placed  upon  the  horizontal  plane, 
^pd  a  moving  force  applied,  which^  from  repeated  triak^  WM 

c2 
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fouod  to  descend  52  J  inches  in  4^^;  for  by  the  beat  of  tbecldck, 
and  the  sound  of  the  moving  force  when  it  arrived  at  the  stage^ 
the  space  could  be  very  accurately  adjusted  to  the  time :  the 
stage  was  then  removed  to  that  point  to  which  the  moving  forte 
"would  descend  in  S^%  upon  supposition,  that  the  spaces  de* 
scribed  by  the  moving  power  were  as  the  squares  of  the  times; 
and  the  space  was  found  to  agree  very  accurately  with  the 
time':  the  stage  was  then  removed  to  that  point  to  which  the 
moving  force. ought  to  descend  in  ^%  upon  the  same  supposition, 
and  the  descent  was  found  to  agree  exactly  with  the  time : 
lastly,  the  stage  was  adjusted  to  that  point  to  which  the  moving 
force  ought  tQ  descend  in>  V^,  upon  the  same  supposition,  and 
the  space  was  observed  to  agree  with  the  time.  Now,  in' 
order,  to  find  whether  a  difference  in  the  time  of  descent  could 
be  observed  byTemoving  the  stage  a  little  above  and  below  the 
positions  which  corresponded  to  the  above  times,  the  experiment 
was  tried,  and  the  descent  was  always  found  toe^  soon  in  the 
former,  and  too  late  in  the  latter  case ;  by  which  the  author 
Yras  assured,  that  the  spaces  first  mentioned  corresponded  exactly 
to  the  times.  And,  for  the  greater  certainty,  each  descent  was 
repeated  eight  or  ten  times;  and  every  caution  used  in  this  ex- 
periment was  also  made  use  of  in  all  the  following. 

Exp*  2.  A  second  body  was  laid  upon  the  horizontal  plane,, 
and' a  moving  force  applied  which  descended  41  ^  inches  in  3^^ ; 
the  stage  was  then  adjusted  to  the  space  corresponding  to  2f% 
upon  supposition  that  the  spaces  descended  through  were  as  the 
squares  of  the  times,  and  it  was  found  to  agree  accurately  with 
the  time ;  the  stage  was  then  adjusted  to  the  space  correspond-* 
ing  to  1^',  upon  ^e  same  supposition,  and  it  was  found  to  agree 
with  the  time. 

Exp'  8*  A  third  body  was  laid  ttpou  the  horizontal  plane,  and 
tL  moving  force  applied,  which  descended  59|-  inches  in  4'^;  the 
stage  was  then  adjusted  to  the  space  corresponding  to  S'\  upon 
supposition  that  the  spaces  descended  through  were  as  the  squares 
of -the  times,  and  it  was  found  to  agree  with  the  time ;  the  stage 
Was  then  adjusted  to  the  space  corresponding  to  2^',  npob  the 
same  supposition,  and  it  was  found  to  agree  with  the  time;  the 
stage  was  then  adjusted  to  the  space  corresponding  to  l^^^  and 
was  found  to  agree  with  the  time. 

Exp.  4.  A  fourth  body  was  then  taken  and  laid  upon  the  ho* 
rizontal  plane,  and  a  moving  force  applied,  which  descended 
55  inches  in  4^^;  the  stage  was  then  adjusted  to  the  space 
through  which  it  ought  to  descend  in  'y\  upon  supposition  that 
the  spaces  descended  through  were  as  the  squares  of  the  times, 
and  it  was  found  to  agree  with  the  time;  the  stage  was  then 
adjusted  to  the  space  corresponding  to  2/,  upon  the  same  sup^ 
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pesition/  and  wfts  found  to  agree  with  the  tim^;  lastly,  the  stage 
was  adjusted  to  the  space  corresponding  to  l^^^and  it  was  found 
to  s^ree  exactly  with  the  time. 

Besides  these  experiments,  a  great  number  of  others  were 
made  with  hard  bodies,  or  those  whose  parts  so  firmly  cohered 
as  not  to  be  moved  inter  se  by  the  friction ;  and  in  each  expe- 
riment, bodies  of  very  different  degrees  of  friction  were  chosen, 
and  the  results  all  agreed  with  those  related  above;  it  vha 
therefore  concluded,  that  the  friction  of  hard  bodies  in  motion 
ie  a  uuiformlif  retarding  force. 

'  But  to  determine  whether  the  same  was  true  for  bodies  when 
covered  with  cloth,  woollen,  &c.  experiments  were  made  in 
order  to  ascertain  it ;  when  it  was  found  in  all  cases,  that  the 
retarding  force  increased  with  the  velocity ;  but,  upon  covering 
bodies  with  paper,  the  consequences  were  found  to  agree  with 
those  r-elated  above. 

i(4«.)  Having  proved  that  the  retarding  force  of  all  hard  bodies 
arising  from  friction  is  uniform,  the  quantity  of  friction,  con- 
sidered as  equivalent  to  a  weight  without  inertia  drawing  the 
body  on  the  horizontal  plane  backwards,  or  acting  contrary  to 
the  moving  force,  maybe  immediately  deduced  from  the  foregoing 
experiments.  For  let  m  =  the  moving  force  expressed  by  its 
weight ;  f  =  the  friction ;  w  =  the  weight  of  the  body  upon  the 
horizontal  {Jane ;  8  =  the  space  throu^  which  the  moving  force 
descended  in  the  time  t  expressed  in  seconds ;  r  =  1 6^7  feet ; 
ften  the  whole  accelerative  force  (the  force  of  gravity  being 

unity)  will  be  ;  hencje^  by  the  laws  of  uniformly  aocel^- 
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rated  motions, ){  f /*::;: s,  consequently  f=m  —  ^^ — ^-p — ^ 

To  exemplify  this,  let  xis  take  the  case  of  the  last  experiment, 
where  m=7,  'w=25f,  s  =  4-^  feet,  ^=4^';  hence  f  =  7  — 

/^  ^  =  6*417  ;  consequently  the  friction  was  to  the  weight 

gf  the  robbing  body  as  6*4167  to  25*75.  And  the  great  ac- 
curacy of  determining  the  friction  by  this  method  is  manifest 
from  hei^/c;e,  that  if  an  error  of  1  inch  had  been  made  in  the 
(iesicenit  (and  experiments  carefutly  made  may  always  determine 
(he  space  to  a  much  greater  exactness)  it  would  not  have  af- 
fected the  conclusion  to7  part  of  the  whole, 
.  (5.)  We  com^  in  the  next  place  to  determine,  whether  fric- 
tion, cateris  paribus^  varies  in  proporllou  to  the  weight  or  pres- 
sure* Now  if  the  whole  quantity  of  the  friction  of  a  body, 
pleasured  by  a  weight  without  inertia  equivalent  to  tite  friction 
drawing  the  body  backwards,  increases  in  proportion  to  its 
f!^eight,  it  is  manifest,  tha^  tl^e  retardation  of  the  velocity  of  the 
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body  arising  from  the  friction  will  not  be  altered ;  for  the  re* 
tardation  vanes  as  -7^ — :r~-. — -— ;  hence,  if  a  body  be  put  m 
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motion  upon  the  horizontal  plane  by  any  moving  force,  if  both 
the  weight  of  the  body  and  the  moving  force  be  increased  in< 
the  same  ratio,  the  acceleration  arising  from  that  moving  force 
will  remain  the  same,  because  the  accelerative  force  varies  as 
the  moving  force  divided  by  the  whole  quantity  of  matter,  and 
both  are  increased  in  the  same  ratio ;  and  if  the  quantity  of 
friction  increases  also  as  the  weight,  then  the  retardation 
arising  from  the  friction  will,  from  what  has  been  said,  remain 
the  same^  and  therefore  the  whole  acceleration  of  the  body  will 
.  not  be  altered ;  consequently  the  body  ought,  upon  this  suppo* 
sition,  still  to  describe  the  same  space  in  the  same  time.  Hence, 
by  observing  the  spaces  described  in  the  same  time,  when  both 
the  body  and  the  moving  force  are  increased  in  the  same  ratio, 
we  may  determine  whether  the  friction  increases  in  proportion 
to  the  weight.  The  following  experiments  were  therefore 
made  in  order  to  ascertain  this  matter. 

Exp.  1.  A  body  weighing  10  oz.  by  a  moving  force  of  4  oz. 
described  in  2^'  a  space  of  51  inches ;  by  loading  the  body  with- 
10 oz.  and  the  moving  force  with  4oz.  it  described  56  inches- 
in  2^^;  and  by  loading  the  body  again  with  10  oz.  and  the 
moving  force  with  4  oz.  it  described  63  inches  in  2'\ 

Exp,  2.  A  body  whose  weight  was  16  oz.  by  a  moving  force 
of  5oz.  described  a  space  of  49  inches  in  3^^;  and  by  loading 
the  body  with  64  oz.  and  the  moving  force  with  20  oz.  the  space 
described  in  the  same  time  was  64  inches. 

Exp,  3.  A  body  weighing  6  oz.  by  a  moving  force  of  2 J  oz, 
described  28  inches  in  2'^ ;  and  by  loading  the  body  with  24oz. 
and  the  moving  force  with  10  oz.  the  space  described  in  the 
same  time  was  54  inches. 

Exp,  4.  A  body  weighing  8  oz.  by  a  moving  force  of  4  oz. 
described  33  J  inches  in  2'^  \  and  by  loading  the  body  wilh  8  oz. 
and  the  moving  force  with  4oz.  the  space  described  in  the 
same  time  was  47  inches. 

JExpi  5.  A  body  whose  weight  was  9  oz.  by  a  moving  force 
of  4J0Z.  described  48  inches  in  Qf'\  and  by  loading  the  body 
with  9  oz.  and  the  moving  force  with  4J  oz.  the  space  described 
in  the  same  time  was  60  inches. 

Exp,  6,  A  body  weighing  10  oz.  by  a  moving  force  of 
3  oz.  described  £0  inches  in  2'^  \  by  loading  the  body  with  10 
oz.  and  the  moving  force  with  3  oz.  the  space  described  in  the 
same  time  was  3 1  inches ;  and  by  loading  the  body  again  with 
30  oz.  and  the  moving  force  with  9  oz.  the  space  described  wat 
94  inches  in  2^\ 
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From  diese  experlmeDts^  and  many  others  which  It  is  not  ne* 
icessary  here  to  relate,  it  appears,  that  the  space  described  is 
always  increased  by  increasing  the  weight  of  the  body  and  the 
accelerative  force  in  the  same  ratio ;  and  as  the  acceleration 
arising  from  the  moving  force  continued  the  same,  it  is  manifest, 
that  the  retardation  arising  from  the  friction  must  have  been 
diminished,  for  the  whole  accelerative  force  must  have  been 
increased  on  account  of  the  increase  of  the.  space  described  in 
die  same  time ;  and  hence  (as  the  retardation  from  friction 

Quantity  of  friction\  ^i  ..^       /•/•  •  ^« 

varies  as  ^ — rT-r- I  the  quantity  of  friction  increases  m  a 

Quantity  of  matter  /  ^  J    J  J 

less  ratio  than  the  quantity  of  matter  or  weight  of  the  body. 

(€.)  We  come  now  to  the  last  thing  which  it  was  proposed  to  • , 
determine,  that  is,  whether  the  friction  varies  by  varying  the 
sorface  on  which  the  body  moves.  Let  us  call  two  of  the 
surfaces  a  and  a,  the  former  being  the  greater,  and  the  latter  th« 
less.  Now  the  weight  on  every  given  part  of  a  is  as  much 
greater  than  die  weight  on  an  equal  part  of  A,  as]A  is  greater 
than  a ;  if  therefore  the  friction  was  in  proportion  to  the 
weight,  ceteris  paribus,  it  is  manifest,  that  the  friction  on  a 
would  be  equal  to  the  friction  on  a,  the  whole  friction  being, 
upon,  such  a  supposition,  as  the  weight  X>n  any  given  part  of  each 
sniface  multiplied  into  the  number  of  such  parts,  or  into  the 
whole  area,  which  products,  from  the  proportion  above,  are. 
equal.  But  from  the  last  experiments  it  has  been  proved,  that 
the  friction  on  any  given  surface  increases  in  a  less  ratio  than  the 
weight;  consequently  die  friction  on  any  given  part  of  a  has  a 
less  ratio  to  the  friction  on  an  equal  part  of  a  than  a  has  to  a'; 
and  hence  the  friction  on  a  is  less  than  the  friction  on  a,  that  is, 
the  smallest  surface  has  always  the  least  fricdon. 

As  this  conclusion  is  contrary  to  the  generally  received  opi- 
nion, Mr.  Vince  thought  it  proper  to  confirm  it  by  a  set  of  ex- 
periments made  with  different  bodies  of  exactly  the  same  degree 
of  roughness  on  their  two  surfaces. 

Ejrp.  1.  A  body  was  taken  whose  flat  surface  was  to  its  edge 
as  22  : 9,  and  with  the  same  moving  force  the  body  described  oa 
hs  flat  side  33 1  inches  in  2^^,  and  on  its  edge  47  inches  in  the 
same  dnie. 

jE:rp.  2.  A  second  body  was  taken  whose  flat  surface  was  to 
its  edge  as  32  :  3,  and  with  the  same  moving  force  it  described 
en  its  flat  side  32  inches  in  2^\  and  on  its  edge  it  described  37^ 
inches  in  the  same  dme. 

Exp.  3.  He  took  another  body  and  covered  one  of  its  sur- 
faces, whose  length  was  9  inches,  with  a  fine  rough  paper,  and 
by  applying  a  moving  force,  it  described  25  inches  in  2^^;  he 
Ihen  tot^  oS^omt  paper  from  the  middle^  leaving  only  |  of  ap 
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inch  at  the  two  ends^  and  with  the  same  moving  force  it  de^ 
scribed  40  inches  in  the  same  time. 

Exp.  4.  Another  body  was  taken  which  had  one  of  its  sur- 
faces^ whose  length  was  9  inches,  covered  with  a  fine  rough 
paper,  and  by  applying  a  moving  force  it  described  42  inches 
in  2^^ ;  some  of  the  paper  was  then  taken  off  from  the  middle, 
leaving  only  1?  inches  at  the  two  ends,  and  with  the  same 
moving  force  it  described  54  inches  in  2^^;  he  then  took  off 
more  paper,  leaving  only  ^  of  an  inch  at  the  two  ends,  and  the 
body  dien  described,  by  the  same  moving  force,  60  inches  in  the 
same  time. 

In  the  two  last  experiments  the  paper  which  was  taken  off 
the  surface  was  laid  on  the  body,  tluit  its  weight  might  not  b« 
altered. 

Exp.  5.  A  body  was  taken  whose  flat  surface  was  to  its  edge. 
as  30  :  17 ;  the  Jiat  side  was  laid  upon  the  horizontal  plane,  a 
moving  force  was  appUed,  and  the  stage  was  fixed  ip  order  to 
stop  tne  moving  force,  in  consequence  of  which  the  body 
would  then  go  on  with  the  velocity  acquired  until  the  fric- 
tion had  destroyed  all  its  motion ;  when  it  appeared  from  9r 
mean  of  12  trials  that  the  body  moved,  after  its  accelt ration 
ceased,  5f  inches  before  it  stopped.  The  edge  was  then  applied, 
and  the  moving  force  descended  through  the  same  space ;  and 
it  was  found,  from  a  mean  of  the  same  number  of  trials,  that 
the  space  described  was  7y  inches  before  the  body  lost  all  its 
motion,  after  it  had  ceased  to  be  accelerated.- 

Exp.  6.  Another  body  was  then  taken  whose  flat  surface 
was  to  its  edge  as  60  :  19,  and  by  proceeding  as  before,  on  the 
flat  surface  it  described,  at  a  mean  of  12  trials,  5|  inches,  and 
on  the  edge  6i{  inches,  before  it  stopped,  after  the  acceleration 
ceased. 

,  Exp.  7.  Another  body  was  taken  whose  flat  surface  was  to. 
its  edge  as  26  : 3,  and  the  spaces  described  on  these  two  surfaces, 
after  the  acceleration  ended,  were,  at  a  mean  of  ten  trials,  4-f 
and  7-/^  inches  respectively. 

From  all  these  different  experiments  it  appears,  that  the 
sjnallest  surface  had  always  the  least  friction,  which  agrees  with 
the  consequence  deduced  from  the  consideration  that  the  friction 
does  not  increase  in  so  great  a  ratio  as  the  weight ;  we  may 
therefore  conclude,  that  the  friction  of  a  body  does  not  continue 
the  same  when  it  has  different  surfaces  applied  to  the  plane  on 
which  it  moves,  but  that  the  smallest  surface  will  have  the  least 
friction. 

To  the  experiments  instituted  by  Mr.  Ferguson  and  others, 
from  which  conclusions  have  been  drawn  so  different  from 
|hese,  this  author  makes  the  followmg  objections  :  It  was  their 
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object  to  find  what  moving  force  would  ^7/$^  put  a  body  at  rest 
IB  motion ;  and  having,  as  they  thought^  found  it,  they  thence 
•concluded,  that  the  accelerative  force  was  then  equal  to  the 
fiiction.  But  it  is  manifest,  as  Mr.  Vince  observes,  that  any 
force  which  will  put  a  body  in  motion  must  be  greater  than  the 
force  which  opposes  its  motion,  otherwise  it  could  not  over- 
come it ;  and  hence,  if  there  were  no  other  objection  than  this, 
it  is  evident,  that  the  friction  could  not  be  very  accurately  ob- 
tained :  but  there  is  another  objection  which  totally  destroys 
the  experiment  so  far  as  it  tends  to  shew  the  quantity  of  frietion, 
which  is  the  strong  cohesion  of  the  body  to  the  plane  when  it 
lies  at  rest  '^  and  this  is  confirmed  by  the  following  experiments. 
1st,  A  body  of  IS^oz.  was  laid  upon  an  horizontal  plane,  and 
then  loaded  with  a  weight  of  8lb.  and  such  a  moving  force  was 
iapplied  as  would,  when  the  body  M^as  just  put  in  motion,  con- 
tinue that  motion  without  any  acceleration;  in  which  case  the 
friction  must  be  just  equal  to  the  accelerative  force.  The  body 
was  then  stopped,  w  hen  it  appeared,  that  the  same  moving  force 
which  had  kept  the  body  in  motion  before  would  not  put  it  in 
motion,  and  it  was  found  necessary  to  take  off  4^  oz.  from  the 
body  before  the  same  moving  force  would  put  it  in  motion; 
it  appears,  therefore,  that  this  body,  when  laid  upon  the 
jj^ane  at  rest,  acquired  a  very  strong  cohesion  to  it.  2dly,  A 
body  whose  weight  was  J6oz.  was  laid  at  rest  upon  the  hori- 
zontal plane,  and  it  was  found  that  a  moving  force  of  6  oz. 
would  just  put  it  in  motion ;  but  that  a  moving  force  t>f  4oz. 
tiDouldy  when  it  was  just  put  in  motion,  continue  that  motion 
without  any  acceleration,  and  therefore  the  accelerative  force 
must  then  have  been  equal  to  the  friction,  and  not  when  the 
moving  force  of  6  oz.  was  applied. 

From  diese  experiments  therefore  it  appears,  how  very  con- 
siderable the  cohesion  was  in  proportion  to  the  friction  when 
the  body  wa;^  in  motiou;  it  being,  in  the  latter  case,  almost  ^, 
and  in  the  former  it  was  found  to  be  very  nearly  equal  to  the 
whole  friction.  All  the  conclusions  therefore  deduced  from 
the  experiments,  which  have  been  instituted  to  determine  the 
friction  from  the  force  necessary  to  put  a  body  in  motion  (and 
very  few  have  been  described  but  lipoii  such  a  principle,)  have 
manifestly  been  totally  false ;  as  such  experiments  onl)  shew 
the  resistance  which  arises  from  the  cohesion  and  friction  con^ 
jointly. 

Mr.  Vince  concludes  this  part  of  the  subject  with  a  remark 
upion  art.  5.  "  It  appears  (says  he)  from  all  the  experiments 
which  I  have  made,  that  the  proportion  of  the  increase  of  the 
friction  to  the  increase  of  the  weight  was  different  in  all  the 
different  bodies  which  were  made  use  of;  no  general  rule  there- 
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fore  can  be  established  to  determine  thit  for  nil  bodies,  and  tii# 
experiments  which  I  have  hitherto  made  have  not  been  swfS* 
cient  to  determine  it  for  the  same  body.'' 

Such  are  the  results  of  Mr.  Vince's  ipgetiious  experiments, 
^e  founds  upon  them  a  theory  which  the  curious  reader  may 
peruse  in  the  Philoaophical  Transactions^  Vol.  75.  or  Nos»  6S. 
66*  of  TillocKs  Philosophical  Magazine^  but  which  is  not  in« 
serted  here^  as  it  does  not  seem  readily  applicable  to  any  prac* 
tical  cases. 

27.  An  ingenious  engineer^  Mr.  John  Southern  of  Bir* 
mingham^  made  a  series  of  experiments  qpon  mills  ased  for 
turning  grindstones,  with  a  view  of  corroborating  Mr.  Vince's 
position  that  Friction  is  a  uniform  retardingforce.  And  thesd 
experiments  are  the  more  worthy  of  notice  as  they  were  made 
on  heofoy  machinery^  with  considerable  variation  of  velocity  of 
the  rubbing  surface,  and  great  spaces  rubbed  over :  the  wc^fat 
which  caused  the  friction  being  upwards  of  35  cwt.,  die  velocity 
of  the  rubbing  surfaces  4  feet  per  second  at  the  greatest,  and 
the  length  of  surface  rubbed  over  about  1000  feet  at  a  medium. 
These  experiments  seem  to  confirm  the  opinion  that  friction  19 
a  uniform  resistance,  at  least  where  the  rubbing  surface  movea 
widi  a  velocity  of  from  9  inches  to  4  feet  per  second ;  and  Mr. 
Southern  concludes  from  them,  that  in  favourable  cases  it  does 
not  exceed  the  fortieth  part  of  the  pressure  or  weight  that  oe* 
casionsit.  < 

The  experiments  from  which  these  inferences  are  deduced, 
are  described  in  No.  66  of  the  Philosophical  Magazine  just 
referred  to. 

28.  M.  Coulomb  has  an  extensive  paper  on  the  subject  of 
Friction,  in  vol.  10.  "  Des  Memoires  des  Savants  strangers;^ 
where  he  describes  his  experiments  at  considerable  length,  and 
deduces  from  them  an  elaborate  theory.  We  cannot  here  enter 
into  the  detail  of  all  these  experiments :  but  shall  nl^rely  state 
M.  Coulomb's  principal  results. 

This  author's  conclusions  are  widely  different  from  Mr. 
Vince's  in  one  important  particular :  for  he  asserts  that  (ceteris 
paribus)  the  friction  is  proportional  to  the  pressure.  The  mean 
ratios  of  friction  to  pressure,  given  by  M.  Coulomb's  experi- 
ments for  different  kinds  of  wood,  are  as  follow,  the  pressure 
b^ing  denoted  by  unity. 

Oak  against  oak     .     .     .     0*43 

Oak  against  fir       ...     0*65 

Fir  against  fir   •     •     •     .    0^56 

Elm  against  elm     .     •    .    0*47 
the  friction  being  made  in  the  direction  of  the  dif  eads  or  fibres 
of  the  wood.    But  when  the  friction  is  made  across  the  grua 
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of  dbe  wood,  or  bo  that  the  direction  of  the  fibres  forms  a  right 
angle  witfithat  of  the  motion^  the  friction  is  less  than  in  the 
former  Case,  but  still  in  a  constant  ratio  to  the  pressure  j  the  re- 
jHilts  being  then  as  below  t 

Oak  against  fir    •     .     •    0'I58 
Fir  against  fir       •    •     .     0*l67 
£im  against  elm  .     •     .     0*100 
These  ratios  are  constant  quantities,  not  depending  upon  the 
velocities,  except  in  the  case  of  elin  when  the  pressures  are  very' 
«Biall,  for  then  the  friction  increases  sensibly  with  the  velocity* 
M.  Coulomb  gives  the  following  general  summary. 
**  (1.)  The  friction  of  wood  shding  over  wood  (both  being 
dry)  opposes  after  a  sufficient  time  of  quiescence  a  resistance 
proportional  to  the  pressure ;  that  resistance  sensibly  increasing 
in  the  first  instants  of  repose :  but  after  some  minutes  it  usually 
arrives  at  its  maximum  or  its  limit. 

|f-**(2.)  When  wood  gUdes  dry  over  wood  with  any  velocity 
whatever,  the  friction  is  still  proportional  to  the  pressure ;  but 
its  intensity  is  much  less  than  that  which  is  experienced  in  de* 
taching  the  surfaces  after  some  minutes  of  rest;  it  has  been 
foundy  for  example,  that  the  force  necessary  to  detach  and 
produce  a  sliding  motion  in  two  surfaces  of  oak  after  some 
minutes  of  quiescence,  is  to  that  necessary  to  overcome  the 
friction  when  the  surfaces  have  obtained  any  degree  of  velocity 
whatever,  nearly  as  9  to  2. 

'  "  (3.)  The  friction  of  metals  sliding  over  metals,  without 
oiling,  is  also  proportional  to  the  pressures ;  but  its  intensity  is 
the  same,  whether  the  surfaces  are  detached  after  having  been 
any  time  in  repose,  or  whether  they  preserve  any  uniform  velo<» 
city  whatever, 

^  (4.)  Heterogeneous  surfaces,  such  as  woods  and  metals  slid^ 
ing  the  one  over  the  other,  without  oiled  surfaces,  give  for  their 
fraction  results  very  different  from  the  preceding  ones  :  for  the 
intensity  of  their  friction  relatively  to  the  time  of  repose  in- 
creases  slowly,  and  does  not  attain  its  limit  till  after  four  or  five 
days,  and  sometimes  more;  instead  of  which,  in  metals  the  Umit 
is  attained  in  an  instant,  and  in  wood  in  a  few  minutes:  this 
augmentation  is  even  so  slow  that  the  resistance  due  to  the 
friction  in  insensible  velocities  is  almost  the  same  as  that  which 
we  must  surmount  in  moving  or  detaching  the  surfiaces  after 
three  or  four  seconds  of  rest.  And  this  is  not  all :  in  wood 
gliding  unoiled  over  wood,  and  in  metals  sliding  over  metals, 
the  velocity  has  very  little  influence  upon  the  friction;  but 
here  t!>e  friction  increases  very  sensibly  in  proportion  as  the 
velocities  are  augmented ;  in  such  maoner  that  the  friction  in- 
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creases  nearly  according  to  an  arithmetical  progression^  when 
the  velocities  increase  in  a  geometrical  progression/' 

The  ratio  of  the  friction  to  the  pressure  (l)  when  oak  was 
made  to  slide  over  iron,  was  found,  from  forty  experiments,  to 
be  as  here  stated:  when  the  velocity  was  almost  insensible, 
•0894,  •0773,  '0785,  and  '0786 :  when  the  velocity  was  about  a 
foot  per  second, '1698, '1722, '1817,  and  "1573. 

29.  When  metals  slide  upon  wood  done  over  with  grease^ 
the  friction,  says  M .  Coulomb,  '*  appears  much  softened,  and 
we  may  produce  insensible  velocities  with  degrees  of  traction 
less  considerable  than  in  all  the  other  species  of  friction ;  but 
when  the  velocities  have  been  a  little  augmented,  we  have 
found  that  the  friction  increases  greatly  with  respect  to  the  ve- 
locity, as  was  the  case  when  we  made  unoiled  metals  slide  upon 
wood ;  and  we  have,  for  the  relation  of  the  augmentation  of 
velocities  and  the  degree  of  traction  which  produced  that 
augmentation,  nearly  the  same  law  with  that  we  sought  to  de« 
termine  in  the  friction  of  metals  sliding  dry  upon  wood :  but  if 
the  greasing  be  not  renewed  at  each  experiment,  it  coagulates^ 
changes  its  nature,  and  the  friction  successively  augments. 

"  When  the  surfaces  are  done  over  with  tallow,  the  ratio  of 
the  friction  to  the  pressure  is  greater  under  pressures  of  about 
^0  pounds,  than  under  greater  pressures. 

."  With  coatings  (enduits,  plasters)  of  cart-grease,  the  friction 
ismever  less  than  f  of  the  pressure.  Its  resistance  depends  upon 
the  consistence  of  the  coating,  and  the  friction  augments  sen- 
sibly as  this  coating  is  softer.  When  the  surfaces  are  done  over 
with  tallow,  and  are  of  great  extent,  the  friction  corrupts  or 
changes  the  nature  of  the  tallow,  and  augments  sensibly  as  we 
continue  the  motion  without  renewing  the  coating !  yet  it  is 
always  found  less  than  f  of  the  pressure.  But  when  the  tallow 
is  dissolved  to  an  oil,  this  effect  is  less  sensible.^' 

M.  Coulomb's  experiments  on  the  friction  of  axes  will  be 
described  farther  on. 

On  comparing  the  results  of  Mr.  Vince's  experiments  with 
those  of  M .  Coulomb's,  already  referred  to,  it  will  be  seen  that 
our  knowledge  on  this  branch  of  the  subject  is  very  far  from 
being  so  certain  and  satisfactory  as  is  desirable.  We  may^ 
however,  now  deduce  a  few  practical  inferences  from  the  pre^ 
ceding  articles. 

( 1  .^  Friction  is  diminished  by  making  the  surfaces  smooth 
which  move  upon  each  other.  But  there  is  a  limit  to  this 
smoothness ;  for  the  surfaces  may  be  so  highly  polished  as  to 
render  the  attraction  of  cohesion  very  sehsible. 

(2.)  Friction  is  diminished  by  anointmg  the  rubbirig  surfaces 
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widt  soD^le  uDc^ous  matter.  Thus,  ia  wood  acting  against 
\voo4y  olive  oil  reduces  the  friction  to  nearly  its  half,  and  metals 
oiled  have  less  friction  than  ^vheu  polished. 

<3.)  Friction  is  diminished  by  diminishing  the  surfaces  in 
contact.  But  this  has  a  limit :  for  if  the  moving  surface  be 
very  thin,  and  the  other  soft,  the  former  will  plough  a  groove  in 
the  latter,  and  thus  have  the  friction  increased. 

(4.)  Friction  b  diminii^ed  by  disposing  the  parts  of  a  ma- 
chine in  such  a  manner,  that  the  ratio  of  the  velocitv  of  the 
partf  which  rub  against  each  other  to  the  velocity  of  the  power, 
may  be  as  small  as  possible. 

{5.)  Friction  is  greatly  diminished  by  causing  the  body  to  roll 
instead  of  sliding  along  the  surface.  This  is  in  fact  a  d<sti|.ct 
species  of  friction,  and  will  come  under  consideration  more 
fully  soon. 

(6.)  Hence  in  machines,  lest  the  friction  should  employ  a 
great  part  of  the  power,  care  is  to  be  taken  that  no  part  of  the 
machine  slide  along  another  if  it  can  be  avoided  ;  but  rather  that 
the  parts  should  roll  or  turn  upon  each  other.  With  this  view 
it  will  be  proper  to  lay  the  axes  of  cylinders,  Sec.  not  in  a  groove 
or  concave  mati*ix,as  is  usual,but  upon  a  horizontal  bar  with  two 
vertical  pieces  to  keep  such  axes  from  rolling  off,  or,  between 
little  wheeb  calledyHc/io/}  wheels,  moveable  on  their  respective 
axes :  for,  by  this  contrivance  the  friction  b  transferred  from 
the  circumference  of  those  wheels  to  their  pivots.  And  in  like 
manner  the  friction  may  be  still  further  diminished  by  making 
th«  axes  of  those  wheels  rest  upon  other  friction  wheels  that 
turn  round  with  them.  For  the  same  reason  friction  balb  or 
rollers  have  been  placed  withiu  the  naves  of  carriage  wheels ; 
and  some  years  ago  Mr.  Gamett  had  a  patent  for  an  improved 
manner  of  applying  friction  wheels  to  any  axis,  as  of  carriages, 
blocks,  pulleys,  scale-beams,  8cc.  in  which  the  wheeb  or  rollers 
are  Icept  always  at  the  same  distance  by  connecting  rods  or  bars. 

(7.)  Friction  is  diminished  by  causing  the  surface  of  one  kind 
of  substance  to  run  not  upon  the  same  kind  of  matter,  but  a 
surface  of  another  material  equally  polished.  Thus,  pivots  of 
steel  meet  with  less  friction  when  they  slide  in  grooves  of  cop- 
per, than  when  the  grooves  are  of  steel  also. 

(8.)  As  to  friction  in  the  mechanical  powers  :  1.  The  simple 
lever  has  no  such  resbtance,  unless  the  place  of  the  fulcrum  is  '' 
changed  during  the  operation.  2.  In  the  wheel  and  axle,  the 
friction  on  the  axb  b  nearly  as  the  weight  upon  it,  the  diameter 
of  the  axis,  and  the  angular  velocity.  Tliis  sort  of  friction, 
however,  is  very  small.  3.  The  friction  of  the  pulley  is  very 
considerable  when  the  sheaves  rub  against  the  blocks.  4.  There 
b  also  very  great  friction  in  the  screw :  if  the  screw  has  a  square 
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thread  it  will  raise  a  weight  more  easily  than  one  with  a  triafi* 
gular  thread :  but  in  most  if  not  ail  screws  the  friction  is  equal 
to  the  power.  5.  In  the  inclined  plan^  the  friction  varies  ac-» 
cording  as  the  body  rolls  or  slides ;  the  friction  in  the  latter  case 
being  far  the*  greatest.  6.  In  the  wedge  the  friction  is  at  least 
equal  to  the  power^  since  the  wedge  retains  any  position  it  is 
driven  into. 

29.  A.  The  memoir  of  the  same  philosopher  on  the  friction 
of  pivotSy  is  inserted  among  the  Memoirs  of  the  Paris  Academy 
for  the  year  1790.  Though  it  has  been  so  long  published,  it  if 
scarcely  known  even  in  France:  yet  as  the  experiments  de- 
scribed are  very  interesting,  and  furnish  some  important  results^ 
it  will  be  right  to  give  an  account  of  them. 

Bodies  which  are  made  to  turn  upon  pivots  are  usually  sus- 
pended by  means  of  a  cheek,  socket,  or  collar,  of  very  hard 
matter.  The  collar  has  its  cavity  of  a  conic  form,  and  termi- 
nated at  its  summit  by  a  little  concave  segment,  whose  radiua 
of  curvature  is  very  small.  The  point  of  the  pivot  which  is 
sustained  by  this  collar  forms  at  its  summit  a  little  conveit  sur- 
face, whose  radius  of  curvature  should  be  still  smaller  than  that 
of  the  extremity  of  the  cheek.  Experience  evinces  that  the 
curvatiure  of  the  bottom  of  the  socket  is  irregular,  and  that  the 
friction  of  a  collar  of  agate  on  which  a  pivot  turns,  is  frequently 
five  or  six  times  more  considerable  than  the  momentum  qfjric* 
tion  of  a  well-polished  plane  of  agate  on  which  the  same  pivot 
turns. 

These  considerations  induced  M.  Coulomb  to  employ  in  the 
course  of  his  experiments,  not  a  cheek  or  a  socket,  but  a  well- 
polished  plane,  to  support  the  body  on  the  point  of  a  pivot.  To 
prevent  the  body  from  sliding  he  took  care  that  its  centre  of 
gravity  should  be  very  low,  with  respect  to  the  point  of  suspen- 
sion :  he  then  made  the  body  to  whirl  or  spin  about  its  pivot,  by 
impressing  upon  it  a  rotatory  motion.  By  meansf  of  a  seconds 
watch,  he  observed  exactly  the  time  employed  by  the  body  in 
making  the  first  four  or  five  turns,  and  he  thence  deduced  easily 
a  mean  turn  to  determine  the  primitive  velocity:  after  this  he 
counted  the  number  of  turns  which  the  body  made  before  it 
stopped. 

Coulomb  took  a  glass  bell  of  48  lines  in  diameter  and  60  lines 
in  height,  which  weighed  5  ounces.  He  placed  it  on  the  point 
of  a  pivot ;  and  after  giving  it  successive  degrees  of  velocity 
about  that  pivot,  he  observed  very  exactly  the  time  that  it  em- 
ployed to  make  the  first  turn,  which  ^ave  him  for  the  mean  va- 
locity  that  which  answered  to  the  half  of  such  first  tiuro.  He 
then  estimated  the  number  of  turns  made  by  the  bell  before  it 
stopped :  the  results  were  as  below — 
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r  Ui  TriaL  The  bell  made  one  turn  ia  4'',  and  came  to  rest 
i^t^r  34^  turns. 

.  Md  Trial.  The  bell  made  one  turn  in  G^^  and  stopped  after 
147V  turns. 

.  3d  TriaL  The  bell  made  one  turn  in  1 1'\  and  stopped  after 
4rjr  turns.  ^ 

Now  if  b  denote  the  primitive  velocity,  x  the  space  described 
between  the  commencement  and  the  end  of  the  motion,  a  the 

constant  momentum  of  the  retarding  force  :/^  the  sum  of  the 

j^oducts  of  every  particle  jut,  by  the  square  of  its  distance  r  from 
the  axis  of  rotation,  divided  by  the  quantity  a  measuring  the 
distance  from  the  axis  of  rotation  to  the  point  whose  primitive 
velocity  is  b,  it  is  easy  to  find  the  following  analytical  expression 
for  the  constant  momentum  of  the  vis  retardatrix,  viz. 

2x*^      a 

Buty  because  in  the  three  preceding  trials,  the  same  bell  was 

efnployed,  the  quantityy-^  is  the  same :  —  must  therefore  be 

a  constant  quantity  if  a  be  constant,  and  reciprocally.  But  in 
etch  trial  there  was  reckoned  the  time  employed  by  the  appara- 
tus ill  performing  an  entire  revolution.  The  mean  velocity,  or 
tl|e  velocity  due  to  the  half  of  each  first  revolution,  will,  there- 
fore, be  measured  by  the  circumference  run  over.  The  space 
described  up  to  the  end  of  the  motion,  will  be  measured  by  the 
number  of  turns  run  tlirough  from  the  instant  where  the  mean 
Telocity  was  determined  until  the  end  of  the  motion.  Thus  by 
computing  from  the  data  furnished  by  the  three  trials,  we  may 
form  the  following  table : 

Xst  Trial,  l  turn  in  4",  stops  at  34^  turns,  whence  results  —  =  yfr 

2i  Trial.       .     .    6V'     .     .     14^ =TTir 

U  Trial.       .    .  ll"      .    .      4^^ =2tt7 

This  experiment,  then,  shews  unequivocally  that  the  quantity 
— ,  and  consequently  the  quantity  A  which  expresses  the  mo« 

mentum  of  friction,  are  constant  quantities,  whatever  be  the 
primitive  degree  of  velocil;y ;  and  that,  consequently,  the  velo- 
city has  not  any  influence  upon  the  resistance  due  to  the  friction 
of  pivots,  which  from  this  experiment  is  necessarily  proportional 
tjo  a  function  of  the  pressure. 

When  this  experiment  is  made  in  a  vacuum,  a  much  less 
heavy  body  may  be  employed,  and  of  any  form  whatever,  and 
the  same  result  will  be  obtained. 
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In  other  experimeots  Coulomb  bent  a  brass  wire  of  9'incfaes^ 
in  length ;  the  parallel  branches  were  24  lines  distant  from  one 
another;  the  part  of  the  wire  curved  in  the  form  of  a  semicircle 
which  joined  the  two  branches  was  about  3  inches*long;  and  the 
two  vertical  and  parallel  branches  were  also  each  3  inches  long. 
To  the  extremity  of  each  vertical  branch  was  attached  by  means 
of. wax  a  piece  of  metal,  and  there  was  fixed,  in  like  manner, 
in  the  middle  of  the  concave  part  of  the  wire,  to  serve  for  the 
cheek  or  bush,  a  small  well-polished  plan«  of  different  substances 
on  which  the  friction  of  the  point  of  the  pivot  was  to  be  deter- 
mined :  finally,  there  was  fixed  to  the  summit  of  a  support  a 
little  needle  of  tempered  steel,  and  whose  point  it  was  necessary 
to  render  more  or  less  fine,  rounded,  or  obtuse,  according  to  die 
nature  of  the  cheeks,  and  to  th€  pressure  which  they  were  to 
experience.  The  extremity  of  the  needle  first  used  by  Coulomb, 
appeared,  when  examined  by  a  microscope,  to  form  a  conic 
angle  of  18  or  20  degrees.  The  friction  of  this  needle  against 
well-polished  planes  of  granite,  agate,  rock  crystal,  glass,  and 
tempered  steel  respectively,  was  tried ;  and  the  result^  taking  in 

each  experiment  the  mean  quantity  represented  by  —  (a  quantity 

which  was  always  found  to  vary  between  very  narrow  limits)^ 
gave  the  momentum  of  friction  of  the  point  of  tde  needle  against 
the  planesof  granite,  agate,  &c.  respectively,  in  the  ratio  of  the 
fractions  Wtt*  t7t>  ttt>  t7t>  '4iT »  so  that  the  momentum  of 
friction  of  the  plane  of  granite  being  represented  by  unity,  we 
shall  have  for  the  momentum  of  the  friction  of  rotation  relative 
to  the  other  substances  as  below :  friction  of  granite,  1 ;  of 
agate,  1'214 ;  of  rock  crystal,  1*313 ;  of  glass,  1*777 ;  of  steely 
2-257. 

Coulomb  likewise  employed  himself  during  these  experi- 
ments, in  determining  the  more  or  less  acute  form  which  should 
be  given  to  the  points  pf  the  pivots.  To  this  end  he  caused  to 
be  successively  rounded  into  cones  of  greater  or  less  acuteness, 
the  extremity  of  a  steel  needle,  that  it  might  thence  appear 
whether  the  change  of  figure  had  any  influence  upon  the  fric- 
tion.    Thus  he  found  that,  under  a  certain  charge,  the  point  of 

the  pivot  being  shaped  to  45  degrees,  the  quantity  —  was,  for 

granite,  t^Vy  ;  agate,  tttts  ;  glass,  ^rrnr ;  tempered  steel,  tAtt  • 

Coulomb  then  gave  to  the  point  a  more  acute  form,  so  that 

the  angle  of  the  cone  which  terminated  it  could  not  be  more 

than  6  or  7  degrees;  and  he  found,  still  retaining  the  same 

charge  or  pressure  as  before,  that  the  quantity  —  was,  f6r 
agate,  -yU;  glass,  ttt;  tempered  steel,  yyiy 
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*  CompMing  from  th^sey  and  odier  experimenCi^  the  flioiiieiitum 
4yf  frntion  -of  rotation  of  the  point  of  difl^ent  pivots  aijgaiiitt  « 

.plane  of  agate^he  feiuid  that  the  quantity  —  which  varies  as  that 

jn«iaicailu»y  was,  fair  a  f»iyot  of  45%  tttty  ;  a  pivot  of  l^"",  rsV*; 
fapivQtofll^  riv. 

After .  thb  ^jodkwnb  varied  the  charge  in  his  eaq)eriinent8,  aod 
determined  the  rdaibve  flBomeattiiHi  of  friction  of  pivots  undar 
different  pressures.  But  without  going  further  into  detail,  w6 
:ttay  give  the  fqiiowing  as  the  princip^  deductions  from  fijp 
mhole.  ' 

.  1,  Tbit  Am  Inction  of  pivots  is  independent  of  the  valoci- 
tieSy  being:  merely  as- a  function  of  the  pressure. 

2.  That  the  friction  of  granite  is  less  than  that  of  glass. 

3.  That  the  £^ure  of  <the  point  of  the  pivot,  as  to  acutenesf^ 
Affects  the  quantity  of  friction ;  in  such  manner  that  whenvso 
•cause  to  whirl  upon  the  point  of  a  needle,  a  body  weighing  moae 
dian  5  or  6  drams,  the  most  advantageous  angle  for  that  poiat 
'appeared  to  .be  from  S^^:to  45"*;  under  a  less  pressure,  the  angle 
jnigfat  be  progressively  diminished,  without  the  friction  hen^ 
perceptibly  augmented :  it  may  even  without  great  inconveni^ 
mice  be  raduc^  to  10°  or  i9(°  with  good  steel,  when  the  charge 
•does  not  exceed  LOO  grains :  an  important  consideration  in  the 
suspension  of  light  bodies  upon  cheeks  or  soclsets. 

Tliese  rules  may  be  .useful  Co  the  makers  of  chronometers* 
30.  SiDcecords  and  ropes  are  not  perfectly  flesible,  it  be« 

;comes  necessary  in. estimating  the  advanti^s. of  pulleys,  cap- 
stans, &c.  to  make  some  allowance  for  this  want  of  flexibility : 

in  this  case  we  may  have  recourse  to  a  theory  which  is  far  more 
aatbfactorythan  any  vrhtch  has  yet  been  invented  with  regaid 

'to'  friction,  and  which  accords -for  better  with  experiment.  The 
most  useful  formulae -may  be  ^deduced  in  a  very  small  con^pass* 
Thus,  let  AG  =  CB  cs  r,  the  radius  of  a  pulley  (fig.  3.  pi.  I.)  and 
two  weights  w  and  q  in  equilibrio :  if  w  should  prevail,  it  is 

*  obvious  that  die  cord  dq  beeomes  in  the  upper  part  bent  so  as 
tO'fitto  the  groove  of 'the  pillley,  and  in  the  lower  part  bent  in- 
wards so  as  to  Adl  into  the  vertical  ftw :  if  the  cord  be  tolerabfy 
.  flexible,  the  curving  i»  pretty  regular  from  b  almost  down  to  w ; 

but  if  the  cord  be  very  rigid,  bew  and  adq  are  found  to  be 
nearly  ^straight  lines,  ibut  neither  of  them  vertical ;  the  weight  a 
being  found  to  hang  vertically  below  some  point  as  a,  making 
ca  greater  than  ca,  and  the  weight  w  hanging  below  some 

C)int  b  where  c^  is  iess  than  cb.  So  that  as  the  arm  of  the 
ver  at  whichoneof  the  forces  act  is  become  greater,  aod  that 
of  the  other  less  than  r,  the  condition  of  equilibrium  is  no 
longer  w  ar  Q. 

YOL.  iu  j> 
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When  the  cord  is  cmly  moderately  rigid^  as  in  most  practical 
casesi  the  distance  b&  is  always  found  so  extremely  smaN  that 
it  may  be  safely  neglected  in  the  discussion  ;  that  is,  we  need  in 
such  cases  pay  no  regard  to  the  want  of  flexibility  in  the  part 
BEW  corresponding  to  the  weight  w  which  is  supposed  Xq  pre- 
vail ;  but  merely  enquire  into  that  of  the  part  a  oq  by  which  the 
other  weight  is  suspended.  Hence^  if  we  put  Aaizq^  the  con- 
dition of  equilibrium  will  be  expressed  thus : 

Vwr  =  g(r  +  5). 
rom  this  it  results,  that  if  w— q  be  the  magnitude  by  which 
we  should  augment  the  power,  that  it  may  be  on  the  point  df 
prevailing ;  and  if  we  have  regard  to  the  stiffness  of  the  cord, 

this  magnitude  will  be  w  —  q = g  ~.     Consequently,  to  intro^ 

duce  the  consideration  cftke  stiffness  of  the  cord  emplojfed  in  a 
maehiney  we  have  only  to  suppose  that  the  arm  of  the  lever  at 
which  the  resistance  acts  is  greater  than  it  really  is,  by  a  de^ 
terminate  quantity  q. 

It  remains,  then,  to  ascertain  this  quantity  q:  in  order  to 

.which,  it  may  be  observed  that  a  cord  resists,  on  two  accounts^ 

the  efforts  which  are  made  to  bend  it    The  first  is  due  to  die 

tension  of  the  cord,  and  is  proportional  to  it,  it  will  therefore 

be=;iQ ;  the  second  is  due  to  its  warping  or  twisting,  and  we 

may  represent  by  a  the  force  employed  to  overcome  it.     Heie 

a  and  b  are,  as  is  manifest,  variable  coefficients.    Thus,  for  one 

and  the  same  cord  a  +  bQ  may  represent  the  force  required  to 

^end  it :  but,  if  the  cord  be  changed,  the  diameter  d  will  be 

aifferent,  and  we  may  conclude  that,  cateris  paribus,  the  force 

"which  must  be  employed  will  be  proportional  to  a  certair»  power 

n  ofd;  for  the  force  necessary  to  bend  a  cord  will  increase  with 

:its  diameter :  this  power  will  decrease  on  the  contrary  with  the 

radius  r  of  the  pulley;  therefore  —  (a+Ag)  may  represent  tb^ 

force  necessary  to  overcome  the  stiffness  of  the  cord ;  n  being  as 
yet  an  indeterminate  quantity.  This  value  being  the  augment- 
ation which  must  be  given  to  the  force  or  weight  w  that  it 
may  be  on  the  point  of  prevailing  over  the  reustance  q,  must, 

from  what  is  before  shewn,  be  equal  to  g  —•     Thus  we  have 

d-  {a  +  bQ)  =  Qq,  or  y^  -  (a  4-  *9)  •     .    (a). 

This  equation,  it  is  true,  is  only  furnished  by  general  consi- 
derations, and  not  by  a  rigorous  investigation :  it  contains, 
moreover,  the  unknowa  coefficients  n,  a,  and  6,  varying  for  dif- 
ferent  cords.  But  there  is  a  simple  method  of  finding  these  co- 
efficients, and  of  assuring  ourselves  that  the  expression  is  suf- 
ficiently )Bxact  in  practice. 
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3U  Gboose  any  cord^  and  after  bending  it  along  the  groove 
of  a  pulley,  as  the  cord  qdabew  (fig.  3.),  attach  to  it  two 
equal  weights,  and  augment  one  of  them  till  it  is  just  on  the 
point  of  previiiling  so  as  to  give  motion  to  the  system,  marking 
the  difference  of  the  weights.  Make  a  similar  experiment  four 
times,  taking  as  many  different  values  of  w  and  of  q,  also  of  r : 
80  shall  there  be  obtained  four  values  of  w—  q,  that  is  to  say, 

of -^  (<3r  +  ftQ),  which  will  furnish  four  equations.    Putting  Cyf^ 

jf,  A,  these  values,  and  denoting  by  r,  /,  t^\  i^'\  the  several 
radii  of  the  pullies,  and  q,  q',  q  ,  ^''\  the  weights  employed  in 
tli«ir  turns,  we  shall  have 

Of  these  equations  the  three  first  serve  to  discover  the  values  of 
91,  a,  and  b ;  and  the  last  enables  us  to  assure  ourselves  whether 
the  formula  (4)  has  the  accuracy  we  wish. 
,  32.  As  to  experiments  on  the  rigidity  of  ropes  and  cords,  i/re 
know  none  of  any  great  importance  and  extent  besides  those  of 
M.  Coulomb.  These  experiments  were  made  with  two  kinds 
of  apparatus,  one  contrived  by  M.  Amontons,  the  other  by. 
Coulomb  himself :  the  experiments  made  by  means  of  one  in- 
strument corroborated  the  results  of  those  made  by  the  other : 
but  we  shall  here  merely  describe  the  experiments  by  means  of 
Coulomb's  apparatus,  which  we  prefer  because  it  was  contrived 
to  ascertain  at  the  same  time  that  kind  of  friction  which  is  oc«. 
casioned  by  the  rolling  of  cylinders  upon  horizontal  planes. 

The  apparatus  consists  of  tAvo  tressels  of  6  feet  in  height,  and 
sufficiently  solid  and  firm,  on  which  there  are  laid  two  pieces  of 
squared  wood;  upon  these  two  pieces  of  wood  are  fixed  two 
rulers  of  oak  well  planed,  dd,  d'j/  (fig.  4.  pL  I.  nos.  1. 2.)>  and 
polished  with  a  little  fish-skin :  then  two  cylinders  of  lignum 
vitse  are  pr^cured^  one  of  6  inches  diameter,  the  other  of  two 
mches;  together  with  several  cylinders  of  elm  from  2  to  12 
inches  in  diameter. 

These  things  prepared,  in  order  first  to  find  the  friction  of  the 
rollers,  they  are  laid  horizontally  upon  the  two  rulers  of  oak, 
and  crossing  their  directions  perpendicularly,  as  represented  in 
fig.  4.  no.  2.  the  rulers  being  in  a  perfectly  horizontal  position : 
then  suspend  on  each  side  of  the  roller  in  use  a  weight  of  50lbs. 
with  very  fine  and  flexible  packthread;  or  indeed  by  means  of 
several  such  threads  distributed  over  the  roller,  and  charged 
each  with  50lbs.  on  each  side,  produce  upon  the  rulers  any  de- 
terminate pressure ;  and  ascertain  by  the  aid  of  little  couptcr- 
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weights  siihp^iilied  ^Iten^at^y^n  (be  diUfefeilt  sides  of  tiib  rofler 
wh^t  ^Krill  be  the  force  necessary  to  give  it  a  moCioii  barely 
sensible. 

The  friction  of  the  rollers  being  ^^timated  by  the  preceding 
method^  it  ivill  be  easy  to  lallow  for  it,  wh^n  instead  of  the  very 
flexible  packthread,  the  tords  dr  ropes  of  which  the  stiffness  is 
to  he  determined  Bre  substituted.  And  thrs  new  determination 
will  be  made  in  the  same  manner  as  with  respect  to  the  nascent 
friction  by  suspending  the  little  weights  alternately  on  each  side 
kt  the  roller,  so  that  Uiey  shdllgive  it  a  motioii  just  perceptible. 

It  is  obvious  to  remurk  that  this  meAod  ttf  estimating  die 
effects  of  the  rigidity  of  cords  will  fuhGtinh  results  direcdy  «|h 
plicable  to  the  preceding  formulae :  for  the  weights  which  pro^ 
duce  the  veiy  small  motion  in'  the  cylinders  will  be  precisely 
e^ual  to  the  augmentation  of  the  resistance  arising  from  the 
stiffness  of  the  cOrd,  estimated  in  the  direction  oJf  that  portion 
of  die  cord  to  which  the  resistance  is  applied  thiat  ^represents  the 
usual  effect  of  the  machine. 

3S.  We  shall  first  exhibit  the  results  df  M.  Cbulomb's  <$x* 
IMriments,  ou  the  second  species  of  friction,  producied  by  rollers 
6f  lignum  vitse  of  6  tmd  or  2  inches  <iliaineten 


W(^ghts  'whicn  produce  an  extremely  slow  xnotioD,  the 
diamfeter  of  their  rdlleft  Veing 


Chfltr^  of  the  rollen, 
their  weight  being 
comprised. 


100  ib. 
500 
1000 


•iiM 


■   ti 


6  inches 


OHS 
3*0 
6-0 


8  inches 


1-6 
1S*0 


'  FjTotti  this  table  M.  'Coulomb  infers  that  the  fVictibh  of  cy- 
llklders  M'hich  roll '  upon  horizontal  planes^  is  difectly  as  the 
pressures,  atid  inversely  as  the  diameters  6(  the  rollers.  He 
also  Found  that  greasing  the  suirfaciss  did  n6t  here  cause  any 
setifdible  diminution  in  the  friction. 

Note.  The  foot  and  tlie  pound  §pbken  of  throughout  these 
ex]perihients  arle  those  Of  the  ancient  Paris  standard:  we  have 
not  reduced  them  to  Engliiih  measures,  since  the  deductions^ 
founded  upon  the  experiments  does  not  render  this  necessary. 

Rbllers  of  elm  produced  a  friction  of  about  the  4  greater 
ifaan  lignum  vitae.  And  under  small  pressures  the  friction  was 
rather  greater  than  wpuld  result  from  the  law  of  jfiiction  being 
proportional  to  the  pressure. 

'S4.  We  sh^U  ne^t  present  the  results  of  Coulomb's  ex- 
periments upon  the  rigidity  of  cords^  and  different  rollers  be- 
tween 2  and  12  inches  in  diameter:  the  deduction  for  the 
friction  is  stated  in  the  table^  and  a  comparative  column  exhibils 
the  r^dity  deduced  from  die  experimenls  made  with  the  ap-* 
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pptiM  ol  Anontoiis.  Tlie  <cord>  w»e  three  kiDds:  No.  I,  of 
filhltvwisiai  yarB,or9iDaBtruKltthe  circumfeience  ISiliaoi, 
aad  weight  of  a  foot  in  length  41  drams-  No.  2,  ot  U  thrawk 
m-  ft  fUVf  or  j  in  a  strand,  circumference  20  liiteS)  weight  of  a 
foot  m  Iragth  tSi  drams.  No.  3,  of  30  threads  in  a  yarn  or  K) . 
in  *  iMnnd,  circuiufarence  28  lines,  weight  of  a  foot  in  length 
S*i  drams. 


? 

Kinds  of 
wood 

Wdshts 

Addition 
B-eiglit 
to  sor- 

Total 
charge  ol 

Stiffneaso 

f  the  Cord. 

Corf, 

dinmetei 

hung  on 

ihe  rntKrJ. 

Friction 

Valued 
by  Coii- 

5 

uicdtn 

and 

each  Bide 

rrictbno 

which 

of  the 

Valued 

lh«  expe- 

WKJghl 

lite  roller 

support 

roUer. 

tiy  Amon- 

1 

oftlie 
rolfers. 

in  11». 

stiOtaesji 
ofcoidB. 

the 
roller, 

•ppa- 

loDi'  ap. 

paratui. 

Cord 
30ttire)iil5 

\:B:A 

100 
300 

5ib^. 

315 
721 

1-5 
5.. 

3-S 
7-4 

4-4 
104 

weight  ' 

in  s  yarn. 

llOlbi. 

Elm     ' 
6  inches  , 

SOO 

20 

1130 

S-6 

144 

16-4 

1 

Idem.        ■< 

diameter, 
"eidbt 

GuiaciiBr 
6  inches  j 

aoo 

]a 

443 

3 

Idem.        .. 

diameter,' 
Ouiacuoi ' 

200 

16 
11 

4G6 
6Si 

2-a 

J  32 

;4'8 

t 

Idem.       .. 

diameter, 

weight    1 
iSi  lb,.  ' 

aoo 

ss 

456i 

Cord 

Guiacum' 
Giuchesj 

25 

U 

lOlf 

No.  3.  of 

leu 

6 

256 

15  thread! 

t'BB'' 

200 

461 

2-8 

8-a 

76 

ip.y.m. 

500 

34 

107* 

6'4 

17-B 

Cord 

No.l.of 

Idem.       , 

100 

S 

953 

200 

6 

456 

a-7 

3'3 

91 

ion  yam. 

From  this  table  it  will  be  seen  that  the  method  of  Amontotu 
and  that  of  Coulomb  furnish  neuly  tlie  same  results:  M.  Cou- 
lomb ascribes  the  differences  where  greatest  to  the  circumatancea 
of  die  cords  having  been  more  used  previous  to  their  being  taken 
for  one  kiod  of  experiment  than  for  the  other. 
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•  35.  M.  Coidomby  before  he  commenced  the  experiments  upon 
the  friction  of  axes,  caused  the  pulierf  to  turn  on  its  axis  during 
such  a  time  and  with  such  a  velocity  as  w£[s  necessary  to  enable 
the  surfaces  in  contact  to  acquire  all  the  polish  and  glibness  of 
which  they  were  susceptible.  The  chief  object  held  in  view 
in  the  experiments  of  which  we  now  speak  wa.s  to  determine  the 
friction  of  the^xis  of  machines  in  motion.  M .  Coulomb  there- 
fore caused  the  suspended  weights  to  run  over  a  space  of  6  feet, 
and  to  measure  separately  by  half  seconds  the  time  employed  to 
run  over  the  first  three  feet,  and  that  occupied  in  running  over 
the  last  three  feet*  The  following  table  contains  the  results 
.  of  experiments  on  the  friction  of  axes  of  iron  in  boxes  of 
copper:  the  axis  used  was  19  lines  in  diameter,  and  had  a 
play  of  i  1^  lines  in  the  copper  box,  the  pulley  was  144  lines  iu 
cHaineter^  and  weighed  14  pounds. 
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The  weights  employed  to  bend  the  cord^  and  which  are  con^ 
;tained  in  the  fourth  column^  were  calculated  from  the  tensions 
'  expressed  in  the  5th  column^  by  means  of  the  formulae  already 
=  given,  and  the  results  of  some  previous  experiments.  These 
weights  being  subtracted  from  those  of  the  3th  column,  which 
put  the  system  in  motion,  leave  the  weights  employed  in  over- 
coming the  friction.  These  latter  weights  acting  at  a  distaiic# 
from  the  centre  of  rotation  equal  to  the  sum  of  the  radii  of  the 
pulley  and  the  cord  :  the  friction  which  is  exerted  upon  the  axis, 
and  which  io  the  case  of  a  very  slow  motion  may  be  considered 
as  making  an  equilibrium  with  those  weights,  is  therefore  equal 
to  the  product  of  those  weights  into  the  ratio  of  the  sum  of  the 
radii  of  the  pulley  and  the  cord,  to  the  radius  of  the  axis,  which  - 
ratio  is  very  nearly  7  to  I,  when  the  weight  is  suspended  by  a 
thin  {^ckthread,  and  nearly  7*2  to  1,  when  it  is  suspended  by 
the  cord  No.  1 .  From  these  considerations  the  9th  column  was 
calculated.  The  weights  comprised  hi  the  8th  column  are  com- 
posed, 1.  Of  the  weight  of  the  pulley  or  cylinder;  2.  Double 
the  corresponding  weight  in  the  5th  column;  3.  The  weights 
contained  in  the  6th  column ;  for  the  sum  of  the^e  evidently 
compose  the  pressure  upon  the  axis.  Hence,  to  find  the  ratio 
of  the  friction  to  the  pressure^  as  expressed  in  the  10th  column^ 
it  is  only  to  divide  any  number  in  the  9th  column  by, the  cor*'  . 
responding  one  in  the  8th. 

36.  When  it  is  proper  to  have  regard  to  the  velocity  of  the 
weight,  to  ascertain  the  effort  which  jsurmounts  the  friction  and 
the  stiffness  of  the  cord,  we  may  observe  at  once  that  in  this 
case  the  motion  is  nearly  a  uniformly  accelerated  motion,  since 
the  first  3  feet  are  described  in  a  time  about  double  that  employed 
in  running  over  the  la«t  3  feet.  It  remains,  therefore,  to  learn 
what  part  sx;  of  the  additional  weight  stated  in  the  6tb  column^ 
which  we  call  w^  was  employed  in  accelerating  the  motion  of 
the  suspended  weight;  for  the  other  part  of  the  additional  we^gbt, 
viz.  u^— tt/,  is  manifestly  that  which  surmounts  the  frictioii  and 
the  stiffness  of  the  cords.     Now  t  being  the  time  of  the  whol6 

4escent^  the  accelerating  force  which  has  place  is  equal  to  --^ ; 

and,  naming  w  the  total  sum  of  the  weight  hanging  upon  the 
pulley  comprising  in  it  7  pounds  for  the  inertia  of  the  pulley^ 
iwhich  weighed  14  pounds,  and  g  the  accelerating  force  of  gravity, 

jthe  mass  put  in  motion  will  be  — ,  and  the  product  of  that  mass 

o 

by  the  accelerating  force  will  be  — ~- ;  which  being  subtracted 
from  the  additional  weight  which  put  the  pulley  in  motion^  gi¥e9 


Stifhess  of'Coris.  43 

die  quantity  w— «r',  or  the  part  of  the  weight  w  employed  to 
overcome  the  stiffness  of  the  cord  and  the  friction. 

It  appears  from  the  7th,  8th,  9th,  10th,  1  Ith,  and  I2th,  expe- 
riments^ that  the  friction  of  axes  ojf  iron  in  boxes  or  cheeks  of 
copper  is  much  less  softened  by  the  cart-grease  ihan  by  tallow. 

57.  M.  Coulomb  has  likewise  endeavoured  to  ascertain  the 
/riction  of  ^xes  of  rotation  made  of  the  diffbreut  kinds  of  wood 
which  are  commonly  found  in  rotatory  machines.  To  render  the 
friction  more  sensible  he  used  pulleys  of  1 2  inches  mounted  upon 
axes  of  3  inches;  sometimes  the  axes  were  immoveable,  at  others 
they  moved,  but  in  both  cases  the  friction  was  the  same :  the 
proper  precautions  were  adopted  to  smoothen  the  surfaces  in 
contact,  and  thence  to  avoid  the  uncertainty  and  irregularity 
which  might  otherwise  have  attended  the  results. 

Hatio  of 

Kinds  of  wood  used  in  the  experiments.         'iiSfure? 

Axis  of  holm-oak,  box  of  lignum  vitse,  coated  with  tallow  0*038 
Ditto  the  coating  wiped,  the  surface  remaining  oily  •  0*06 
Axis  and  box  as  before,  but  used  several  times  without )  0*06 
.  having  the  coating  refreshed  .«••••  3  0;08 
Axis  of  holm-oak,  box  of  elm,  coated  with  tallow  ,  .  0*03 
Ditto  both  axis  and  box  wiped,  surfaces  remaining  oily  0*0.5 
Axis  of  box-tree,  box  of  lignum  vitae,  coated  with  tallow  0*043 
Ditto  the  coating  wiped,  the  surfaces  remaining  oily  •  0*07 
Axis  of  box-tree,  box  of  elm       ........    0*035 

Ditto  the  coating  wiped  off 0*05 

Axifl  of  iron,  box  of  lignum  vjtae,  the  coating  wiped  off7    ^.^^ 

and  the  pulley  turned  for  some  time     ....     5 
The  velocity  does  not  appear  to  influence  the  friction  in  any 
sansible  manner,  except  in  the  first  instants  of  motion:  and  in 
every  case  the  friction  is  least,  not  when  the  surfaces  are 
plastered  over,  but  when  they  are  merely  oily. 

58.  Thje  experiments  on  the  stiffness  of  cords  described  (art. 
34.)  were  made  in  cases  of  motions  nearly  insensible ;  but  M. 
Coulomb  enquired  whether  with  a  finite  velocity  the  resulting 
jeffect  of  the  stiffness  of  the  cord  were  augmented  or  diminished. 
For  this  purpose  he  took  a  pulley  and  box  of  copper,  and  an  axis 
of  iron  done  over  with  tallow:  the  diameter  of  the  pulley  was 
144  lines,  and  that  of  the  axis  20|  lines;  and  the  cord  was  one 
of  30  threads  to  a  yarn,  or  No.  3.  of  which  the  stiffness  with 
respect  to  insensible  velocities  was  determined  by  some  of  the 
foregoing  experiments.  The  ensuing  table  shews  the  results  of 
the  experiments:  the  weights  were  made  to  run  over  a  distance 
of  6  feet,  and  the  times  of  describing  the  first  three  and  the  last 
^ree  feet  were  measured  by  a  half-second  pendulum. 
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No.  of 
expert* 
menu. 


Weight 
hang 
on  each 
side  the 
pulley. 


Add 

tional 

weight 

to 
move 


Pact  of 
wt.  to 

over-  . 

come 
friction 


the    I  and  ri- 
pulley.l  gidity. 


Motion  of  the 
weights  hang  upon 
tbe  puiley. 


Pres- 

IsureoQ 

the 
axi'g  in 

lbs. 


Slour  and  contiaued. 

{'fir8|3fe«tin3^ 
last  3  feet  in  1^'' 
S  first  3  feet  in  9f 
I  last  3  in  l^*" 
I  S^w  aad  uncertain 

'  irst  3  feet  in  6^^ 
'  last  3  in  3* 

'first  3  feet  in  3)" 
*>st3.iiilf 

Slow  and  uncertain. 

f  first  3  feet  in  $" 
last  3  in  3" 
first  3  feet  io  3^ 
last  3  in  9f* 
Doubtful  and  oonti. 
%n%  ^ket  ip  €>' 
last  3  in  3i^^. 


Weight 

acting 

at  ex- 

tremi* 

tyof 

pulley, 

balanc* 

lug  the 

friction 


fHiflM  8  pSiiffiw 


(' 


•ftba  \  fftiM 


23)  IbsJ  2*6lb& 


1 


435 


cord 

deduced 

from  the 

weighta 

which 

move  tbe 

pulley. 


coed  CI 
tioMitei 
rf^mit 
t«nsioi 
aiidl«M 
s^erei 
perim<i 

ti.1  *i  ■ 


4*91bsi   4*001 


4-? 


834 


133$ 


I 


9-7 


14.5       17-0 


■: 


61 


109 


f6 


W« 


17-0 


It  appeared  in  tbe  table  (art.  34.)  that  to  bend  the  coi;4  No«S* 
of  30  threads  in  a  yarn,  about  a  roller  of  12  inches  diameterjaod 
Mritli  a  tension  of  500  lbs,  would  require  a  weight  of  14*4tbs.:  of 
which  \^eight  the  constant  part  due  to  the  fabrication  of  tlie 
cord  is  about  r4lbs:  this  value  may  b^  retained,  but  it  will  be 
here  proper  to  reduce  the  part  due  to  the  tension  of  the  cc^d 
by  the  quintal  to  4  ( 1 4*4  -  1  -4)  =  |  x  1 3 =2*6  lbs.  From  theiBe 
data  the  last  column  to  the  right  of  the  aboye  t^ble  was  cpni- 
puted. 

39.  To  complete  tbe  object  of  the  experiments  it  is  oece^saiy 
to  have  the  stmness  of  the  cord  Mahout  asserting  any  things  }t 
priori  on  the  values  which  had  been  previously  fbund  for  su^ 
rigidity.  To  this  end  Coulomb  has  estimated  the  friction  of  ike 
3|xis  from  its  charge  and  the  experiments  of  art.  35;  w^ere  it 
appeared  that  this  friction  was  independent  of  its  v^city  apd 
equal  to  0*087.  of  the  pressure.  This  ffictiop  which  is  exert^ 
at  the  surface  of  the  axis  being  computed,  and  the  radius  of^tie 
tixia  b€}in^  to  the  distance  between  the  centre  of  rotiition  and 
the  middle  of  the  cord  as  1  to  7*5;  it  will  be  easy  to  calculat^ 
the  weight  which  acting  in  the  vertical  direction  of  the  middl^ 
of  the  cord  may  be  in  equilibrium  with  the  friction  in  each  ez« 
periment;  and  these  weights  are  contained  in  the  Yth  columii. 
Subtracting  these  weights  from  the  additional  weights  contained 
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in  die  dd  columh)  nameiy  those  which  put  the  pulley  in  motion, 
We  baire  in  the  case  of  a  very  slow  motion  the  values  of  the 
eights  which  just  surmount  the  stifihess  of  the  cord ;  these 
wd^hts  are  comprised  in  the  8th  column^  and  differ  but  bttle 
iroiti  those  calculated  immediately  and  contained  in  the  9tk 
column. 

'  40.  Ntjw  to  know  if  the  greater  or  less  velocity  of  the  weight 
suspended  upon  the  pulley  has  any  influence  upon  the  resistance 
floe  to  the  'stiffness  of  the  cord,  we  must  in  the  case  of  the 
liiotion  calculate  what  portion  of  the  additional  weight  hung 
trpoli  the  puHey  is  employed  iii  overcoming  the  friction  and  the 
rigidity  of  the  cord.   Here  the  formula  of  a  preceding  article  has 

its-application,  «^=-^-;; — :  for,  the  time  occupied  by  the  weight 

ill  describikig  the  last  three  feet  being  nearly  the  half  of  that 
employed  in  describing  the  first  three  feet,  the  motion  may  be 
coai^dered  as  uniformly  accelerated,  and  the  quantities  w—rd 
ii\aAi  Result,  and  are  contained  in  the  4th  column,  differ 
but  little,  as  is  manifest^ -itorn  the  weights  employed  to  over* 
cone  the  friction  and  the  stiffness  of  the  cords,  in  the  case  of 
an  extremely  slow  motion.  And  as  it  appeared  from  the  pre- 
ceding experiments  that  the  friction  wtis  independent  of  the 
vebcity,  or  that  it  opposed  the  same  resistance  to  the  motion 
in  the  different  trials  for  each  experiment;  it  hence  follows  that 
tke  tesisfbnce  arising  ^om  the  Stiffness  of  the  cord  wtfs  likewise 
coiistHiit  iti  the  satiFie  trials,  and  depended  fitft  upon  tke  velocity, 
Itf  iedMt  'trt  any  iuch  sensible  manner  at  to  merit  our  regard  in 
MnpHiiif^-  the  powers  of  maekines. 

41.  The  invariableness  of  the  resistance,  oocasioned  by  the 
stiffness  of  cords,  under  different  velocities,  appears  also  imme- 
diately frdm  the  results  comprised  in  the  5th  column  of  the 
table,  which,  as  before  observed,  proves  that  the  motions  were 
nearly  uniformly  accelerated.  And  from  this  prpperty  it  fol- 
hw9f  that  there  is  always  a  constant  part  of  the  weight  or 
power  employed  in  surmounting  the  friction  and  stiffness  of  the 
cords. 

'\Nevcrthdess,"  adds  M.  Coulomb,  "  it  inutt  be  acknow- 
ledged, that  it  is  not  strictly  true,  that  the  augmentation  of 
Telocity  does  not  augment  the  resistance  due  to  the  rigidity  of 
cordage.  This  augmentation  appears  especially  perceptible 
wben  the  cords  are  stretched  with  weights  or  by  forces  that  are 
oadei-  100  pounds.  I  have  estimated,  by  many  trials,  that  in 
such  cases  a  velocity  of  8  feet  per  second  would  increase  by 
nearly  a  pound  the  resistance  occasioned  by  the  stiffness  of  our 
cord  of  30  threads  in  a  yarn :  but  this  augmentation  of  resist- 
uice  seems  to  be  a  constant  i|uatxtity  ^or  the  same  degree  of 


46  MECHANICS/ 

velocity,  whatever  the  tension  maybe:  in  such  sort  that  it  ceased 
to  be  perceptible  under  great  tensions,  and  that  there  are  but 
very  few  circumstances  in  which  it  may  not  be  neglected  in 
practice:  this  augmentation  with  regard  to  the  velocity  appears, 
besides,  much  greater  in  new  than  in  old  cords,  and  in  tarr^ 
cords  than  in  those  which  are  white  or  untarred."  , 

42.  M.  Coulomb  deduces  from  these  experiments  the  fol- 
lowing general  conclusions : 

(1.)  That  with  respect  to  practice,  in  all  rotatory  machines 
the  ratio  of  the  pressure  to  the  friction  may.  always  be  supposed 
constant,  and  that  the  influence  of  the  velocity  is  too  small  to 
fk^ed  our  regard. 

(2.)  That  the  resistance  which  must  be  overcome  to  bend  a 
cord  over  a  roller  or  pulley  is  represented  by  a  formula  com- 
posed of  two  terms;  the  first  is  a  constant  quantity  independent 

of  the  tension,  and  of  the  form  —  (art.  31.)  where  a  is  a  con- 
stant quantity  determined  by  experience,  d"  is  a  power  of  the 
diameter  d  of  the  cord,  and  r  the  radius  of  the  roller;  the  second 

term  is  —  q,  where  6  is  a  constant  quantity,  d,  w,  and  r,  as  be-- 
fore,  and  a  the  tension  of  the  cord.    Thus  the  complete  foc« 

mula  expressing  the  stiffness  of  the  cord  is  —  (fl+hQ)»     The 

power  n  varies  according  to  the  flexibility  of  the  cord,  but  it 
usually  about  1*7  or  I'S,  or  the  resistance  is  n^^r/^  proportional 
to  the  square  of  the  diameter  of  the  cord :  when  the  cord  is 
much  used  n  decreases  to  1*3  or  even  1'4*  The  following  is  a 
summary  of  results. 

lbs. 

White  1  ^^  ^^  threads  in  a  yarn     .  —an 4*2  .-^.100=  90 
Cord,  \-^ .'^ 

1  "^    o*.*.*... 


z=l-2  .  .     , 

.     =    5-t 

=0*2     .     , 

.    =  2-2: 

-^'^     .     . 

,     =11*6 

=  2-0     .     . 

.      =    5*6 

=0-4      . 

.     =    2'4 

T       d  C^^  ^^  threads  in  a  yarn     \     . 

43.  Our  knowledge  of  the  nature  of  the  friction  of  axes,  and 
stifl'iiess  of  cords,  though  confessedly  very  imperfect,  may  b^ 
introduced  into  the  computation  of  ttie  power  of  machines:  this, 
may  be  illustrated  by  an  example  of  a  capstan  or  windlass^ 
where  the  general  formula  of  an  equilibrium  will  be  this : 

VC^  +  Tf) 
where  r  represents  the  power^  and  the  other  letters  as  below. 
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>    . 
The  weight  to  be  elevated,  is 
Q  =  lOOOlbs. 
The  radius  of  the  axis  or  pivot^  which  is  of  iron^  is 

r  =:  2  inches. 
This  axis  turns  in  a  box  of  copper:  the  radius  of  the  cylinder 
about  which  the  cord  is  rolled,  is 

r'  =  10  inches. 
The  arm  of  the  capstan,  or  the  radius,  or  distance  at  which  the 
men  exert  their  force,  is 

R  =  10  feet  =120  inches. 
The  pivots  are  supposed  to  have  been  plastered  with  tallow  some 
time,  and  the  instrument  often  used,  till  the  ratio  of  the  fric- 
tion to  the  pressure  is  reduced  to  that  of  experiment  15  in  the 
table  of  article  35.  whence  we  have  that  ratio,  or 

/=  0-133,  and  •  (1  +  ~^  zi  7-5851. 

The  cord  is  supposed  tarred,  and  of  120  threads  in  a  jam, 
which  will  support  12  or  14000  lbs.  without  breaking.  Now 
•a  tarred  cord  of  30  threads  in  a  yarn  requires  a  constant  effort 
equivalent  to  6'6lbs.  to  bend  it  about  a  roller  of  2  inches  radius, 
and  an  effort  proportional  to  the  tension,  of  11  *6  lbs.  for  a  quin- 
tal, or  116lbs.  for  1000 lbs.  Here  the  radius  of  the  cylinder 
being  10  inches,  we  must,  first  supposing  the  cords  equal,  dimi- 
nish these  efforts  iu  the  ratio  of  10  to  2,  viz.  make  their  sum 
=  T%  [6.6  +116)  for  1000 lbs.,  md  -  ^  {6^6  +  fTuS)  for 
8000.  And  as  the  cord  is  of  120  threads  in  a  yarn  instead  of 
30,  we  must  increase  the  last  result,  in  the  ratio  of  30  to  120, 
«o  shall  we  have  4  X  ^6-6  -f  928)  =  747*7  for  the  effort 
which  will  surmount  the  stiffness  of  the  cord,  that  is 

^^(a  +  bQ)  =:  747-7. 

And  since  r'  :r  10,  we  have  rf«(a  +  6q)  n  7477. 
These  values  being  substituted  in  the  general  formula  it  be- 
comes 

p  X  120  =(8000  X  10)  +  55^+7477. 

or,  p  =  666-6  +  17-577  +  62-3  =  746*5lbs. 
It  will  be  necessary  therefore  to  distribute  at  the  extremities 
^  die  bars  of  the  capstan  efforts  whose  sum  shall  be  equivalent 
to  746-5  lbs. :  that  is,  if  a  man  makes  an  effort  balancing  25  lbs., 
80  men  will  be  required  to  move  the  weight  of  SOOOlbs.  Had 
there  been  no  friction  and  were  the  cords  perfectly  flexible,  the 

force  necessary  would  have  been  only  -—--  or  666'6,  less  than 

1  9 

the  other  by  almost  80  pounds,  a  difference  which  is  more  than 
oqiuvalent  to  the  forces  of  three  men.    So  that  in  this  .example 
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the  friction  and  figiditj  of  tke  cord  reqnke  an  increase  of  b^ 
tween  an  8th  and  a  9th  of  tfae  ^whok  power  which  would  other- 
nviAe  haive  been  'reqoiaite. 

ThiSy  however,  we  wish  to  be  received  only  as  an  approxima- 
timi.  The  xietaib  which  have  been  here  entered  into  will,  we 
trusty  be  found  of  some  utility  in  directing  the  practice^  and 
may  furnish  some  hints  to  those  vi^o  have  time  and  inclina- 
tion to  adopt  other  aeries  of  weU^conducted  esperimarts; 
and  thus  supply  these  most  important  desiderata  in  practical 
mechanics. 

On  the  Energy  of  First  Movers. 

44.  The  consideration  of  the  absolute  and  relative  forces  of 
different  kinds  of  first  movers  is  of  [too  great  consequence  in  the 
application  of  mechanics  to  be  entirely  omitted  in  this  perform- 
ance :  we  shall,  dierefore^  'present  die  reader  with  some  db- 
•ervatiotts  and  taUes  respecting  die  fchief  dasses  of  powers  used 
to  drive  machinery,  viz.  watar^  air,  steam,  gunpowder,  and 
ianimal  exertion. 

Water  is  generally  made  to  operate  upon  machines  by  means 
of  its  momentum  when  in  motion :  but  it  may  also  be  used, 
and  that  as  a  very  powerful  mover,  when  acting  by  its  pressure 
merely.  In  the  theory  .of  hydrostatics  (art.  387.)  we  ex- 
plained the  principle  of  the  hydrostadcal  paradox,  in  which  it 
IS  asserted  that  any  quantity  of  water  or  other  fluid  may  be 
.made  to  support  any  other  quantity  or  any  weight  however 
f  reat,  and  indeed  to  raise  the  greater  weight  until  it  reaches 
such  a  height  as  ensures  the  equilibrium.  Thus  in  the  hydros 
static  bellows  the  weight  of  a  few  ounces  of  water  is  n^ade  to 
raise  several  hundred  pounds.  And  in  like  manner  Otto  Gue- 
ricke  of  Magdeburg  made  a  chHd  balance,  and  even  ov^come, 
•ihe  pull  exerted  by  the  emperor's  six  coach  .horses,  merely  by 
sucking  the  air  from  beneath  a  piston.  This  great  power  dc^ 
pends  upon  the  fundamantal  property  of  fluids,  that  they  press 
equally  in  all'direttiom,  Mr.  'Bfamah  some  time  ago  obtained 
a  patent  for.  a  machine^ctiqg  as  a  press  on  this  principle  of  the 
(guagua  versum  pressure  of  fluids :  A  piston  of  \  of  an  inch 
diameter  forc^  water  into  a  cylinder  of  :12  inches  diameter, 
and  by  this  intervention  raises  die  .piston  of  the  cylinder :  so 
that  a  boy  acting  with  iai  fourth  part  of  his  strength  on  the 
amall  pistpn.by  means  of  a  lever  can  nuse  about  94080  Ibs^  or 
42  tons  pressing  on  the  great  piston ;  the  increase  of  power 
being  as  1  to  4*  x  r£*  or  1  to  2304.  This  contrivance  will  be 
more  minutely  explained  under  tfaetarticle  BaANAflis  machine^ 
iu  the  alphubeucat  pait  of  this  volume. 
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45.  As  to  the  effect  of  water  in  motion,  it  will  manifestly  depend 
upon  the  quantity  of  fluid  and  its  velocity  jointly.  When  the 
water  runs  through  a  notch  or  an  orifice  of  a  regular  form  situated 
in  the  bottom  or  side  of  a  reservoir,  the  quantity  discharged  in  any 
given  time  may  be  determined  by  the  rules  laid  down  for  those 
purposes  in  vol.  1.  Book  IV.  If  s*  be  the  area  of  any  plane  ex-r 
posed  to  the  action  of  a  current  of  water,  and  v  the  velocity  per 
second  with  which  the  fluid  strikes  the  plane,  then  will  the  force 
of  the  fluid  be  equivalent  to  the  weight  of  a  volume  of  water 

expressed  by  — — ,  where  g  represents  3^^  ^^^*>  ^^  *^^  [suppo^ 

sition'that  the  water  strikes  the  plane  directly:  but  if  the  fluid 
strike  the  plane  obliquely  and  i  represent  the  angle  of  incidence^ 
the  force  will  be  equivalent   to  the  weight  of  the  column 

-J—  sia  *i.     Or,  since  a  cubic  foot  of  water  weighs  62  J  IfaiVk 

averd.  if  v  and  s  be  expressed  in  feet  we  shall  have  — |j — 

sin  *i  n  '971502  sin  *i  v^  s^  lbs,  averd.  for  the  equivalent 
weight,  which  becomes  barely  '91i509.v^s^  lbs,  when  the  plane 
is  directly*opposed  to  the  fluid.     See  also  art.  467.  vol.  i. 

46.  In  the  determination  of  the  velocity  of  the  stream  it  will 
be  necessary  either  to  ascertain  the  height  h  through  which  the 
water  has  fallen  freely,  as  from  the  end  of  a  spout,  when  ^l^gh\ 
or  nearly  8 A,  will  shew  the  velocity,  h  being  in  feet;  or  whed 
the  water  issues  through  an  oritice  in  the  bottom  or  side  of  a 
reservoir,  to  have  recourse  to  Chap.  1  and  2.  Book  IV.  vol.  t 
before  referred  to.  If  the  stream  be  ample  without  much  fall, 
such  as  must  necessarily  be  applied  to  move  an  undershot  wheel 
by  its  impulse,  the  power  will  be  determinable  from  the  ve-> 
locity  of  the  water  and  th^  quantity  which  passes  through  the 
section  of  its  bed.  Dr.  Desaguliers,  in  his  Experimental  Phi-^ 
losophy,  vol.  II.  pa.  419.  gives  the  following  easy  method  of 
ascertaining  these  data :  Observe  a  place  where  the  banks  of  the 
river  are  steep  and  nearly  parallel,  so  as  to  make  a  kind  of 
trpugb,  for  the  water  to  run  through,  and  by  taking  the. depth 
at  various  places  in  crossing  make  a  true  section  of  the  river. 
Stretch  a  string  at  right  angles  over  it,  and  at  a  small  distance 
another  parallel  to  the  first.  Then  take  an  apple,  an  orange^ 
or  other  small  ball,  just  so  much  ligliter  than  water  as  to  swim  in 
it,  and  throw  it  into  the  water  above  the  strhigs.  Observe  when 
it  comes  under  the  first  string,  by  means  of  a  half  second  pen- 
dulum, a  stop-watch,  or  any  other  proper  instrument ;  and  ob- 
serve likewise  when  it  arrif es  at  the  second  string.  By  these 
means  the  velocity  of  the  upper  surface,  which  in  practice  majT 
generally  be  taken  for  that  ot  the  whole,  will  be  obtained.    And 
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tbe  section  of  the  river  at  the  second  string  mu&t  be  ascertained 
by  taking  various  depths^  as  before.  If  this  section  be  the  same 
as  the  former^  it  may  be  taken  for  the  mean  section :  if  not^ 
add  both  together,  and  take  half  the  sum  for  the  mean  section. 
Then  the  area  of  the  mean  section  in  square  feet  being  multi- 
plied by  the  distance  between  the  strings  in  feet,  viill  give  the 
contents  of  the  water  in  solid  feet,  which  passed  from  one  string 
to.  the  other  during  the  time  of  observation ;  and  this  by  the 
rule  of  three  may  be  adapted  to  any  other  portion  of  time. 
Suppose,  for  example,  the  time  were  12",  and  the  hourly  expen- 
diture of  water,  were  required,  the  proportion  would  be,  as 
12''  :  3600'^  :  :  the  number  of  cubic  feet  between  the  two 
strings :  the  hourly  expenditure  in  cubic  feet.  If  the  mere  ve- 
4ocity  be  required  with  reference  to  any  fixed  interval  of  time^ 
a  similar  proportion  will  give  it,  only  observing  to  take,  instead 
of  the  solid  content  or  capacity  in  the  third  term,  the  distance 
]>etween  the  two  strings.  » 

The  operation  may  often  be  greatly  abridged  by  taking  notice 
of  the  arrival  of  the  floating  body  opposite  two  stations  on  the 
shore,  especially  when  it  is  not  convenient  to  stretch  a  string 
across.  An  arch  of  a  bridge  is  a  good  statioi^  for  an  expe- 
riment of  this  kind,  because  it  affords  a  very  regular  section 
and  two  fixed  points  of  observation  :  and  in  some  instances  thtt 
sea  practice  of  heaving  the  log  may  be  advantageous.  Where 
h  time-piece  is  not  at  hand,  the  observer  may  easily  construct  a 
half-seconds  or  quarter-seconds  pendulum  :  the  former  may  be 
made  by  suspending  a  small  round  (not  flat)  button,  or  other 
spherical  weight,  by  a  thread  looped  over  a  pin  of  such  a  length 
that  the  distance  from  the  point  of  suspension  to  the  centre  of 
the  weight  shall  be  9*8  inches :  the  quarter-seconds  pendulum 
must  be  a  fourth  of  this  length.  If,  by  observations  at  several 
stations  above  and  below  any  particular  point  of  the  river,  tlie 
velocity  does  not  appear  to  vary,  the  section  of  the  river  in  all 
that  space  may  be  considered  as  uniform  ;  and  it  will  not  be 
necessary  to  determine  more  than  one  section  by  actual  measure- 
ment. 

47.  The  effect  of  undershot  and  overshot  wheels  has  beeu 
yery  variously  stated  by  different  authors ;  the  most  valuable  and 
correct  observations  are  those  of  Mr.  Smeaton,  an  abstract  of 
which  was  given  in  Chap.  4.  Book  IV,  vol.  I.  The  numerous 
practical  remarks  and  experiments  related  in  that  chapter  and 
the  second  chapter  of  the  same  book,  will  render  it  unnecessary 
for  us  now  to  dwell  longer  upon  the  effects  of  water  as  a  mover 
of  machinery. 

48.  Air  is  the  next  natural  mover  we'  propose  to  consider. 
And  this,  like  water,  may  be  regarded  either  as  at  rest,  or  in  mo- 
lioQ.    The  pressure  of  the  atmosphere  in  a  medium  state  is 
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equivalent  to  the  weight  of  14|.  or  15  lbs.  averdopois  on  a 
square  inch,  and  this  pressure  will  support,  and,  by  means  of  a 
sucking  punipy  raise  water  to  the  height  of  about  33  feet;  it 
supports  mercury  in  the  barometer  at  the  height  of  28  to  32 
inches. 

The  density  of  air  is,  at  a  medium,  about  833  times  Itess  than 
that  of  water  :  if  we  take  round  numbers  and  reckon  800  to  1 
for  the  ratio  of  the  densities,  an4  put  5*  for  the  surface  on  m  hich 
the  wind  strikes,  v  for  the  velocity  with  which  it  moves,  and  i 
for  the  angle  of  incidence,  then  the  force  of  tlie  wind  will  be 
equal  to  the  weight  of  a  volume  of  water  expressed  by    ^-5. 

—  sin  *i  =  '0012144  t^Vsin^i  lbs.  averdupois. 

This  formula,  however,  is  only  an  approximation,  and  would 
lead  to  considerable  errors  when  the  velocities  are  great :  on 
this  subject  we  have  treated  pretty  fully  in  art.  554,  &c.  Book  V. 
vol.  I.,  where  the  tables  of  Pr.  Hutton,  Mr.  Rouse,  &c.  are 
exhibited:  the  following  is  Mr.  Rouse's  table  of  velocity  and 
corresponding  force  in  the  form  it  was  originaUy  given  by  Mr. 
Smeaton;  but  the  form  in  which  it  is  thrown  in  art.  554  is 
more  useful. 


Velocity  of  the 
Wind. 

Perpendi- 
cular force 
on  one  square 
foot,  m 

Miles 

=:  feet  in 

in  one 
hour. 

one 
second. 

averdupois 
pounds. 

1 

1-47 

•005 

2 

2-93 

•020 

5 

4-40 

•044 

4 

5-87 

•079 

5 

7-33 

•123 

10 

14-67 

•492 

15 

22-00 

1-107 

20 

29-34 

1-968 

2b 

36-67 

3-075 

SO 

44-01 

4-429 

35 

51-34 

6-027 

40 

58-68 

7-873 

45 

66-0 1 

9963 

50 

73-35 

12-300 

60 

88-02 

17715 

80 

117-36 

31-490 

-    100 

146-70 

49-^00 

£2 
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49.  As  it  ia  not  easy  to  observe  the  true  velocity  of  the  wind, 
and  thence  determine  its  force,  several  philosophers  have  in- 
vented instruments  called  Anemometers  or  wmd  gages,  by 
which  the  force  of  the  wind  may  be  ascertained  independent  of 
its  velocity.  M.  Bouguer  contrived  a  very  simple  instrument 
for  this  purpose:  it  is  a  hollow  tube  aabb  (fig.  5.  pi.  I.)  in 
which  a  spiral  spring  cd  is  fixed,  that  may  be  more  or  less 
compressed  by  a  rod  fsd  passing  through  a  hole  within  the 
tube  at  A  A.  Having  observed  to  what  degree  different  forces 
or  given  weights  are  capable  of  compressing  the  spiral,  put  di- 
visions upon  the  rod  in  such  a  manner  that  the  mark  observed 
at  s  in  all  positions  of  that  rod  shall  indicate  the  weight  requisite 
to  force  the  spring  into  the  corresponding  position  cd.  Aftei*^ 
wards  Join  perpendicularly  to  this  rod  at  f  a  plane  surfiice  efB 
of  a  given  area,  either  greater  or  less,  as  may  be  judged  proper : 
then  nothing  more  is  necessary  than  to  oppose  this  instrument 
to  the  wind,  in  order  that  it  may  strike  the  surface  in  the  direci- 
tions  v£,  YE,  parallel  to  diat  of  the  rod;  and  the  mark  at  s  will 
shew  the  weight  to  which  die  wind  is  equivalent.  It  will  then 
be  easy  to  reduce  any  observed  force  to  a  volume  of  water 
equivalent  to  it  in  energy ;  andso  in  all  cases  ascertain  the  mag- 
nitude of  the  force  which  the  wind  exerts. 

59.  The  most  usual  method  of  applying  wind  as  a  mover  of 
machiner}'  is  in  the  construction  of  windmills  for  different 
purposes,  in  which  the  wind  produces  its  effect  by  impulse  upon 
the  sails.  In  these  machines,  therefore,  whatever  varieties  there 
may  be  in  the  internal  structure,  there  are  certain  rules  with 
regard  to  the  position,  shape,  and  magnitude  of  the  sails,  which 
will  bring  them  into  the  best  state  for  die  action  of  the  wind, 
and  the  production  of  useful  effect.  These  particulars  have 
been  considered  much  at  large  by  Mr.  Smeaton :  for  this  pur- 
pose he  constructed  a  machine  of  which  a  particular  description  is 
given  in  the  Philosoplucal  Transactions,  vol.  5 1,  or  in  the  quarto 
collection  of  his  **  Miscellaneous  Papers,**  p.  55.  By  means  of 
a  determinate  weight  it  carried  round  an  axis  with  an  horizontal 
arm,  upon  which  were  four  small '^moveable  sails.  Thus  the 
sails  met  with  a  constant  and  equable  blast  of  air ;  and  as  they 
moved  round,  a  string  with  a  weight  affixed  to  it  was  wound 
about  their  axis,  and  thus  showed  what  kind  of  size  or  construc- 
tion of  sails  aqswered  the  purpose  best.  With  this  machine  a 
great  number  of  experiments  were  made;  the  results  of  which 
were  as  follow : 

(I.)  The  sails  set  at  the  angle  with  the  axis,  proposed  as  the 
best  by  M.  Parent  and  others^  viz.  55*,  was  found  to  be  the 
worst  proportion  of  any  that  was  tried. 

(2.)  When  the  angle  of  the  s^ls  with  die  axis  was  increased 
from  79*  to  75%  die  pow«  was  angiiieiited  in  die  proportion 
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of  3]  to  45 ;  and  this  is  the  angle  most  commoDly  in  nse  when 
the  sails  are  planes.    See  art  547.  irol.  i. 

(3.)  Were  nothing  more  requisite  than  to  cause  the  sails  to 
acquire  a  certain  degree  of  velocity  by  the  wind,  the  position 
recommended  by  M.  Parent  would  be  the  best.  But  if  the  sails 
are  intended  with  given  dimensions  to  produce  the  greatest 
(effects  possible  in  a  given  time,  we  must,  if  planes  are  made  use 
of,  confine  our  angle  within  the  limits  of  72  and  75  degrees. 

(4.)  The  variation  of  a  degree  or  two,  when  the  angle  is  near 
the  best,  is  but  of  little  consequence. 

(5.)  When  the  wind  falls  upon  concave  sails  it  is  an  advan- 
tage to  the  power  of  the  whole,  though  each  part  separately 
taken  should  not  be  disposed  of  to  the  best  advantage. 

(6.)  From  several  experiments  on  a  large  scale,  Mr.  Smeaton 
lias  found  the  following  angles  to  answer  as  well  as  any.  The 
radius  is  supposed  to  be  divided  into  six  parts ;  and  ^th,  reckon- 
ing from  the  centre,  is  called  1,  the  extremity  being  denoted  6. 

A     1       -^L  Angle  with 

No.  ^^t  ""'^  Ae  plane  of 

that  axis.  J^^^^^ 

1  72*  18^ 

2  71  19 

S  72  18  middle. 

4  74  16 

5  77J  12J 

6  83  7  extremity. 
(7.)  Having  thns  obtained  the  best  method  of  weathering  the 

sails,  f .  e.  the  most  advantageous  manner  in  which  they  can  be 
placed,  our  author's  next  care  was  to  try  what  advantage  could 
be  derived  from  an  increase  of  surface  upon  the  same  radius. 
The  result  was,  that  a  broader  sail  requires  a  larger  angle^;  and 
when  the  sail  is  broader  at  the  extremity  than  near  the  centre, 
the  figure  is  more  advantageous  than  tliat  of  a  parallelogram. 
The  figure  and  proportion  of  enlarged  sails,  which  our  author 
determines  to  be  most  advantageous  on  a  large  scale,  is  that 
where  the  extreme  bar  is  one-third  of  the  radius  or  whip  (as  the 
Workmen  call  it),  and  is  divided  by  the  whip  in  the  proportion 
of  3  to  5.  The  triangular  or  loading  Itail  is  covered  with  board 
from  the  point  downward  of  its  height,  the  rest  as  usual  with 
cloth.  The  angles  above  mentioned  are  likewise  the  most 
proper  for  enlarged  sails ;  it  being  found  in  practice,  that  the 
sails  should  rather  be  too  little  than  too  much  exposed  to  the 
direct  action  of  the  wind. 

Some  have  imagined,  that  the  more  sail  the  greater  would  be 
the  power  of  the  wiiidmill,  and  have  therefore  proposed  to  fill 
up  Ae  whole  area }  and  bx  making  each  tail  a  sector  of  an  ellip- 
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sis,  according  16  M.  Parent's  method^  to  intercept  the  whole 
cylinder  of  wind,  in  order  to  produce  the  greatest  effect  possible. 
From  our  author's  experiments,  however,  it  appeared,  that 
when  the  surface  of  all  the  sails  exceeded  seven-eighths  of  the 
area,  the  effect  was  rather  diminished  thaa  augmented.  Hence 
he  concludes,  that  when  the  whole  cyliniJer  of  wind  is  inter- 
cepted, it  cannot  then  produce  the  greatest  effect  for  want  of 
proper  interstices  to  escape. 

"  It  is  certainly  desirable  (says  Mr.  Smeaton),  that  the  sails 
of  windmills  should  be  as  short  as  possible ;  but  it  is  equally 
desirable,  that  the  quantity  of  cloth  should  be  the  least  that 
may  be,  to  avoid  damage  by  sudden  squalls  of  wind.  The  best 
structure,  therefore,  for  large  mills,  is  that  where  the  quantity 
of  cloth  is  the  greatest  in  a  given  circle  that  can  be :  on  this 
condition,  that  the  effect  holds  out  ia  proportion  to  the  quantity 
of  cloth ;  for  otherwise  the  effect  can  be  augmented  in  a  given 
degree  by  a  lesser  increase  of  cloth  upon  a  larger  radius  than 
would  be  required  if  the  cloth  was  increased  upon  the  same 
radius." 

(8.)  The  ratios  between  the  velocities  of  windmill  sails  un- 
loaded, and  when  loaded  to  their  maximum,  turned  out  very 
different  in  different  experiments ;  but  the  most  common  propor- 
tion was  as  5  to  2.  In  general  it  happened  that  where  the  pow^r 
was  greatest,  whether  by  an  enlargement  of  the  surface  of  the 
sails  or  an  increased  velocity  of  the  wind^  the  second  terin  of  the 
ratio  was  diminished. 

(9.)  The  ratios  between  the  least  load  that  would  stop  the 
sails  and  the  maximum  with  which  they  would  turn,  were  con- 
fined betwixt  that  of  10  to  8  and  10  to  9 ;  being  at  a  medium 
about  10  to  8*3,  and  10  to  9,  or  about  6  to  5 ;  though  on  the 
whole  it  appeared,  that  where  the  angle  of  the  sails  or  quantity 
of  cloth  was  greatest,  the  second  term  of  the  ratio  was  less. 

(10.)  The  velocity  of  windmill  sails,  whether  unloaded  or 
loaded,  so  as  to  produce  a  maxifmum^  is  nearly  as  the  velocity 
of  the  wind,  their  shape  and  position  being  the  same.  On  this 
subject  Mr.  Ferguson  remarks,  that  it  is  almost  incredible  to 
think  with,  what  velocity  the  tips  of  the  sails  move  when  acted 
upon  by  a  moderate  wind.  He  has  several  times  counted  the 
.  number  of  revolutions  made  by  the  sails  in  1 0  or  15  minutes ; 
and,  from  the  length  of  the  arms  from  tip  to  tip,  has  computed, 
that  if  an  hoop  of  the  same  size  were  to  run  upon  plain  ground' 
with  an  equal  velocity,  it  would  go  upwards  of  30  miles  in  an 
hour. 

(1J[.)  The  load  at  the  maximuni  is  nearly,  but  somewhat  less 
than,  as  the  square  of  the  velocity  of  the  wind  j  the  shape  and 
portion  of  the  sails  being  the  same. 
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(I'S.)  The^£fects  of  the  same  sails  at  a  maximum  are  nearly, 
%ut  somewhat  less  than^  as  the  cubes  of  the  velocity  of  the 
Mrind. 

(13.)  The  load  of  the  same  sails  at  a  maximum  is  nearly  as 
the  squares,  and  the  effect  as  the  cubes  of  their  number  of  turns 
in  a  given  time. 

(14.)  When  sails  are  loaded  so  as  to  produce  a  maximum  at. 
a  given  velocity,  and  the  velocity  of  the  wind  increases,  the 
load  continuing  the  same;  then  the  increase  of  effect,  when 
the  increase  of  the  velocity  of  the  wind  is  small,  will  be  nearly 
as  the  squares  of  these  velocities:  but  when  the  velocity  of  the 
wind  is  double,  the  effects  will  be  nearly  as  10  to  27  J ;  and  whien 
the  velocities  compared  are  more  than  double  of  that  wher© 
the  given  load  produces  a  maximum,  the  effects  increase  neariy 
iu  a  simple  ratio  of  the  velocity  of  the  wind.  Hence  our  author 
concludes,  that  windmills,  such  as  the  different  species  fqr 
-draining  water,  &c.  lose  much  of  their  effect  by  acting  'agaiott 
one  invariable  opposition.  a^ 

(15.)  In  sails  of  a  similar  figure  and  position,  the  number  of 
turns  in  a  given  tioEie  will  be  reciprocally  as  the  radius  or^lengdi 
of  the  sail. 

(16.)  The  load  at  a  maximum  that  sails  of  a  similar  figure  and 
position  will  overcome,  at  a  given  distance  from  the  centre  of 
motion,  will  be  as  the  cube  of  the  radius. 

(17.)  The  effects  of  sails  of  similar  position  and  figure  are  as 
the  square  of  the  radius.  Hence  augmenting  the  length  of  the 
sml  without  augmienting  the  quantity  of  cloth,  does  not  increase 
the  power ;  because  what  is  gained  by  length  of  the  lever  is  lost 
by  die  slowness  of  the  motion.  Hence  also,  if  Ae  sails  are  in- 
creased in  length,  the  breadth  remaining  the  same  the  effect 
will  be  as  the  radius. 

(18.)  The  velocity  of  the  extremities  of  the  Dutch  sails,  as 
well  as  of  the  enlarged  sails,  either  unloaded  or  even  when 
loaded  to  a  maximum,  is  considerably  greater  than  that  of  the 
wind  itself.  This  appears  plainly  from  the  observations  of 
Mr.  Ferguson,  already  related,  concerning  the  velocity  of  sails. 
(19.)  From  many  observations  of  the  comparative  effects  of 
sails  of  various  kinds,  Mr.  Smeaton  concludes,  that  the  enlarged 
sails  are  superior  to  those  of  the  Dutch  construction. 

(20.)  He  also  makes  several  just  remarks  upon  those  wind- 
mills which  are  acted  upon  by  the  direct  impulse  of  the  wind 
against  sails  fixed  to  a  vertical  shaft :  his  x)bjeetions  have,,  we 
believe,  been  justified  in  every  instance  by  the  inferior  efficacy 
of  these  horizontal  mills. 

**  The  disadvantage  of  honzontal  windmills  (says  he)  does  ngt 
consist  in  this^  that  each  sail,  when  directly  opposed  to  the  winci^ 
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ik  capable  of  a  less  poiver  than  an  oblique  one  of  (he  same  di^ 
ihensioais;  but  that  in  an  horizontal  windmill  little  more  than 
one  sail  can  be  acting  at  once ;  whereas  in  the  common  wind- 
miili  all  the  four  act  together ;  and  therefore,  supposing  each 
vane  of  an  horizontal  windmill  tQ  be  of  the  same  size  with  that 
of  a  vertical  one,  it  is  manifest  that  the  power  of  a  vertical  mill 
mil  be  four  times  as  great  as  that  of  an  horizontal  one^  let  the 
number  of  vanes  be  what  they  will.  This  disadvantage  arises 
from  the  nature  of  the  thing ;  but  if  we  consider  the  further 
^isadvUDtage  that  arises  from  the  difficulty  of  getting  the  sails 
tmck  again  against  the  winds^,  &c.  we  need  not  wonder  if  this 
ktlid  of  mill  is  in  reality  found  to  have  not  above  one-eighth  or 
one-tenth  of  the  power  of  the  common  sort ;  as  has  appeared 
in  some  attempts  of  this  kind/' 

au  Another  first  mover^  of  whose  effects  it  may  be  proper  to 
give  some  account,  i^  fired  gunpowder.  These  effects  are  too 
violent  and  sudden  to  allow  of  their  being  applied  to  many 
practical  purposes  (the  chief  use  of  gunpowder  being  in  the 
kKscbai^  of  balls  and  shells  from  guns  and  mortars) ;  but  thejr 
^ere  so  prodigious  and  extraordinary,  and  are  so  important  in 
the  art  of  war,  that  it  may  be  naturally  expected  we  should 
^ve  some  estimate  of  them  iii  this  place. 

Now  to  understand  the  force  of  gunpowder  it  must  be 
considered  that  whether  it  be  fired  in  a  vacuum  or  in  air,  it 
firoduces  by  its  explosion  a  permanently  elastic  fluid :  and  it 
tippears  from  experiment  that  the  elasticity  or  pressure  of  the 
dBuid  produced  by  this  firing  of  gunpowder  is,  cateris  paribus, 
directly  as  its  density. 

To  determine  the  elasticit}'  and  quantity  of  this  fluid  proi» 
duced  from  the  explosion  of  a  given  qt^antity  of  gunpowder^ 
Mr.  Robins  premises,  that  the  elasticity  increases  by  heat,  and 
diminishes  by  cold,  in  the  same  manber  as  that  of  the  air ;  and 
idiat  the  density  of  this  fluid,  and  consequently  its  weight,  is  the 
same  vtith  the  weight  of  an  equal  bulk  of  air,  having  the  same 
^lasticit}'  and  the  same  temperature.  From  these  principles, 
and  from  the  experiments  by  which  they  are  established  (for  a 
detail  of  vrtiich  we  must  refer  to  the  book  itself),  he  concludes 
Idiat  the  fluid  produced  by  the  firing  of  gunpowder  is  nearly  ^ 
of  the  weight  of  the  generating  powder  i|self ;  and  that  the 
volume  or  bulk  of  this  air  or  fluid,  when  expanded  to  the  rarity 
x>f  common  atmospheric  air,  is  about  244  times  the  bulk  of  the 
said  generating  powder. — Coutit  Saluce,  in  his  Mbcel.  Phil^ 
Mathem.  Soc.  Priv.  Taurin.  p.  125,  makes  the  proportion  as 
222  to  1 ;  which  he  says  agrees  with  the  computation  of  Messrs. 
I^aiiksbee,  Amotitons^  and  Belidon 

Hen<ie  it  would  follow  that  any  quantity  of  powder  fired  ia 
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vq  confined  space,  which  it  adequately  fills,  exerts  dt  the  io- 
sttnt  of  its  explosion  against  the  sides  of  the  vessel  containing  it, 
and  the  bodies  it  impels  before  it,  a  force  at  least  (^44  times 
greater  than  the  elasticity  of  common  air,  or,  which  is  the  same 
dung,  than  the  pressure  of  the  atmosphere ;  and  this  without 
considering  the  g^at  addition  arising  from  the  violent  d^ee  of 
heat  with  which  jit  is  endued  at  that  time;  the  quantity  of 
which  augmentation  is  the  next  head  of  Mr.  Robins's  enquiry. 
He  determines  that  the  elasticity  of  the  air  is  augmented  in  a 
proportion  somewhy^it  greater  than  that  of  4  to  1,  when  heated 
to  the  extremest  h^t  of  red-hot  iron ;  and  supposing  that  the 
flame  of  fired  gunpowder  is  not  of  a  less  degree  of  heat,  in^ 
creasing  the  former  number  a  little  more  thim  4  times,  makes 
nearly  1000;  which  shews  that  the  elasticity  of  the  flame,  at  the 
moment  of  explosion,  is  about  1000  times  stronger  than  the 
tlasticity  of  common  air,  or  than  the  pressure  of  the  atmosphere* 
But,  from  the  height  of  the  barometer,  it  is  known  that  the 
pressure  of  the  atmosphere  upon  every  square  inch  is  on  a 
medium  of  14|>lb;  and  therefore  1000  times  this,  or  147501b. 
18  tfie  force  or  pressure  of  the  flame  of  gunpowder,  at  the  mo- 
ment pf  explosion,  upon  a  square  inch,  which  is  very  nearly 
equivalent  to  6  tons  and  a  half. 

This  great  force,  however,  diminishes  as  the  fluid  dilates  itself, 
and  in  that  proportion,  viz.  in  proportion  to  the  space  it  occu- 
pies, it  being  only  half  the  strength  when  it  occupies  a  double 
fpace,  one-diird  the  strength  when  the  tripFe  space,  and  so  on. 

Mr.  Robins  further  supposed  the  degree  of  heat  above  men-> 
fioned  to  be  a  kind  of  medium  heat;  but  that  in  the  case  of 
large  quantities  of  powder  the  heat  wUl  be  higher^  and  in  very 
small  quantities  lower;  and  that  therefore  in  the  former  case 
the  force  will  be  somewhat  more,  and  in  the  latter  somewhat 
less,  than  1000  times  the  force  of  the  atmosphere. 

He  furdier  found  that  the  strength  of  powder  is  the  same  in 
all  Tanations  in  the  density  of  the  atmosphere:  but  that  the 
moisture  of  the  air  has  a  great  efiect  upon  it ;  for  the  same 
quantity  which  in  a  dry  season  would  discharge  a  bullet  with  a 
Velocity  of  1700  feet  in  one  second,  will  not  in  damp  weather 
give  it  a  velocity  of  more  than  12  or  1300  feet  in  a  second,  or 
even  less,  if  the  powder  be  bad,  and  negligently  kept.  Robins's 
TVticts,  vol.  1,  p.  101,  &c.  Further,  as  there  is  a  certaih 
quantity  of  water  which,  when  mixed  with  powder,  will  pre- 
vent its  firing  at  all,  it  cannot  be  doubted  but  every  degree  of 
moisture  must  abate  the  violence  of  the  explosion  ;  and  hence 
the  eflfects  of  damp  powder  are  not  difficult  to  account  for. 

The  velocity  of  expansion  of  the  flame  of  gunpowder,  when 
fired  in  a  piece  of  artillery^  without  either  bullet  or  other  body 
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before  it,  b  prodigiously  great,  viz,  ?000  feet  per  second,  or 
upwards,  according  to  the  experiments  of  Mr.  Robins*  But 
M.  Bernoulli  and  M.  Euler  think  it  is  still  much  greater. 

Dr.  Hutton,  after  applying  some  requisite  corrections  to  Mr. 
Robins's  numbers,  and  after  remarking  that  the  powder  does 
not  all  inflame  at  once,  as  well  as  that  aboUt  -nr  of  it  consists  of 
gross  matter  not  convertible  into  an  elastic  fluid,  gives  v  k 

125  4/  (16  +  0  ^  '^^'  ^^T  )  ^^**  ^^^  initial  velocity  of  any 
ball  of  given  weight  and  magnitude,  and  /*  =     ^  "\^  t?*  -r  log.- 

for  the  value  of  the  initial  force  «  of  the  powder  in  atmospheric 
pressures :  where  a  n  length  of  the  bore  occupied  by  the  charge, 
^=\yhole  length  of  the  bore,  </= diameter  of  the  ball,  a;=its 

weight,  2^— weight  of  tl^e  powder,  ?=-,  •     In  ^lis  experiments 

and  results  he  found  n  to  vary  between  1700  and  2300;  and 
the  velocity  of  the  flame  to  vary  between  SCXK)  and  4732 ;  spe- 
cifying, hovvever,  the  modification  in  his  computations  which 
would  give  more  than  7000  feet  per  second  for  that  velocity. 
Taking  2200  for  an  average  value  of  n,  and  substituting  47  for 
its  square  root  in  the  above  formula  for  v,  it  becomes  V  =s 

i875A/({67^  X  log.  of -^  for  the  velocity  of  the  ball,  m 

theorem  which  agrees  remarkably  well  with  the  doctor's  numer 
rous  and  valuable  experiments;  {Tracts,  vol.iii.  pp.290 — 315.) 
In  a  Freach  work  entided^^  Le  Mouvefnent  Igne,  consid6r6 
princi()alenient  dans  la  charge  d'une  Pi^ce  d'Artillerie,"  pub- 
lished 'm  1B09,  there  are  ad^vanced,  among  some  notions  which 
we  apprehend  few  philosophers  will  be  inclined  to  adopt,  some 
which  may  demand  and  deserve  a  careful  consideration.  The 
author  of  this  work  observes  that  if  a  fluid  draws  its  force,  partly 
frpm  a  gaseous  or  aeriform  matter,  and  partly  from  the  action 
of  caloric,  which  rarefies  that  aeriform  matter ;  then  its  density 
in  the  process  of  dilatation,  will  follow  the  inverse  ratio  of  the 
spaces  described,  and  at  the  same  time  the  intensity  of  the  heat 
will  follow. the  same  ratio:  so  that  the  force  of  the  totalit}'  of 
the  fluid  will  conform  to  the  inverse  ratio  of  the  squares  of  the 
spaces  described.  He  then  investigates  two  classes  of  formulae.: 
the  first  appertain  to  fluids  which  possess  simply  the  fluid  or 
aeriform  elasticity,  which  are  free  from  all  heat  exceeding  th« 
teinperature  of  the  atmosphere ;  whether  there  be  one  or  many 
gaseous  substances  signifies  not,  provided  their  temperature 
agrees  with  that  of  the  atmosphere ;  for  when  these  dilate,  they 
cooforni  to  the  inverse,  ratio  of  the  spaces  described.    The 
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second  relate  to  those  which  derive  their  elasticity  as  well  from 
the  aeriform  fluids  as  from  the  matter  of  heat  which  pervaded 
them^  and  which  are  denominated //?/?rfs  of  mixt  elasticity y  l6 
distinguish  them  from  those  of  simple  or  purely  aeriform  ela*- 
ticity:  these  fluids,  in  dilating,  conform  to  the  inverse  ratio  of 
the  squares  of  the  spaces  described.  Thus  the  celerity  of  action 
of  mixed  elastic  fluids,  is  to  that  of  simple  elastic  fluids,  as  s^  to 
«;  whence  it  follows  that  mixed  elastic  fluids  are  more  prompt 
and  energetic  in  their  action  than  others ;  and  hence  also  is  in-^ 
ferred  why  the  fluid  produced  by  the  combustion  of  gunpowder 
is  more  impetuous  and  more  terrible  in  its  operation  thaii 
atmospheric  air,  however  compressed  it  may  be.  The  force 
exerted  by  the  caloric  to  dissolve  a  quantity  of  powder,  is  re- 
garded as  equal  to^  that  possessed  by  the  fluid  which  results 
hom  that  dissolution,  and  is  named^brce  cf  dissolution  of  pow- 
der by  Are :  and  the  surface  of  least  resistance,  is  that  (as  of  the" 
ball)  which  yields  to  the  action  of  the  fluid.  Tlie  gunpowder 
subjected  to  experiment  by  this  author,  was  of  seven  different 
qtiali'ties,  varying  from  1000  the  density  of  water,  down  to  946 
die  density  of  the  powder  used  by  sportsmen.  It  was  found  by 
theory,  and  confirmed  by  experiment,  that  the  real  velocity  with 
which  the  elastic  fluid  considered  under  the  volume  of  the  pow- 
der, and  penetrated  by  a  degree  of  heat  capable  of  quadrupling 
the  volume,  would  expand  when  it  had  only  the  resistance  of 
the.  atinosphere  to  surmount^  b  2546*49  fee^,  that  is^  about 
2.734*4  feet  English. 

Comparing  the  several  forces  which  were  calculated  for  the 
lame  quantijty  of  powder  ip  three  difi*erent  c'lrcumstapces : 

1.  When  the  fluid  has  only  to  surmount  the  atmospheric 
pressure,  it  £as  a  force  of  dissolution  which  is  proper  to  it,  and 
which,  in  a  charge  of  8lbs.  of  powder,  specific  gravity  944*72, 
for  a  24-pounderj  acts  upon  the  surface  of  least  resistence  with 
an  energy  equivalent  to  9747*8074  pounds. 

2.  The  fluid,  retarded  in  its  expansion  by  a  surface  of  least 
resistance,  w  hose  tenacity  (occasioned  by  the  compactness  and 
pressure  of  the  w  adding,  &c.)  t  ==  3 1  pounds,  acquires  by  its 
elasticity  a  force  =  52839*1463  pounds,  at  the  instant  when 
that  surface  yields  to  its  action. 

3.  If  the  tenacity  t  ==  298  pounds,  the  force  of  the  fluid  at 
the  moment  when  the  resisting  surface  yields  to  it  will  be  equi- 
valent to  4 1737 1*4275  pounds. 

If  each  of  these  forces  be  divided  by  the  surface  of  least  re- 
sistance, the  quotient  will  indicate  the  force  of  each  fluid  fila- 
ment, namely, 

1.  That  of  the  force  of  dissolution  =   17S*63  grains. 

2.  When  t  =  31  lbs.  that  of  elasticity     =  923*26  grains. 

3.  When  T  =  298  lbs.  force  elastic         =  7438'99  grains. 
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Dividing  again  these  latter  values  by  the  length  of  the 
I!harge8,  we  shall  have  for  the  mean  force  of  each  elementaiy 
fluid  particle 

1.  Force  of  dissolution       .     •     •     *     =:  0*14205  grains* 
'  2.  When  T  =  31  lbs.  force  elastic     .     =  O'7554'O  grains. 

8.  When  T  =  298  lbs.  force  elastic        =  6*0Sil74  grains. 

it  appears,  however,  that  equal  charges  of  powder  of  the 
«atne  quality,  employed  in  the  same  piece,  produce  very  different 
velocities,  the  more  considerable  being  the  resistance  to  the  ei^ 
pansion  of  the  fluid,  the  less  the  velocity  becomes.  Thus,  it  tt 
found  that  when  t  n  31  lbs.  the  veloci^  of  the  ball  when  ev^ 
pelled  at  the  mouth  of  the  piece  is  1;363'6  feet;  when  T  =s 
898  lbs.  v  =  1350«9  feet. 

The  following  tabla  will  exhibit,  in  ode  s^w,  the  velocitiet 
with  whioh  a  24  pound  ball  issues  from  m  mouth  of  a  guQ^ 
when  propelled  with  the  several  charges  expressed  in  the  first 
column.  1st.  According  to  the  theory  developed  in  the  volutne 
irom  which  we  have  made  these  extracts.  2dly.  According  to  the 
f«perimentd  of  M.  Lombard  at  Auxerre,  on  guns  for  land  ser« 
vice.  Sdly.  According  to  the  experiments  of  M.  Teixier  de 
IVorbec,  at  Toulon,  on  guns  for  sea  service.  4thly  and  5ihlf% 
According  to  the  determinations  of  Mr.  Robins  and  Dr.  HuttcHb 
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It  is  the  prodigious  celerity  of  expansion  of  the  flame  of  fired 
gunpowder  which  is  its  peculiar  excellence,  and  the  circum- 
stance in  which  it  so  eminently  surpasses  all  other  inventions, 
either  ancient  or  modern :  for  as  to  the  momentum  of  thesb 
projectiles  only,  many  of  the  warlike  machines  of  the  ancient! 
produced  this  in  a  degree  far  surpassing  that  of  our  lieaviest 
cannon  shot  or  shells;  but  the  great  celerity  given  to  thenl 
cannot  be  approached  with  facility  by  any  other  means  than  the 
explosion  of  powder. 

52.  Since  the  important  invention  of  the  Steam-engine,  an* 
other  species  of  first  movers  has  come  under  the  consideration 
of  the  mechanical  investigator,  namely,  such  as  arise  from  the 
volatilisation  of  different  fluids.  Of  these  the  one  most  /com^ 
monly  chosen  is Ihe  steam  raised  from  hot  water,  which  is  an 


EI(istic  Force  of  Steam.  61 

^stic  flui^  and  which  when  raised  with  die  ordinary  heat  of 
boiling  water  is  almost  3000  times  rarer  than  water,  .or  mor^ 
than  3i  times  rarer  than  air,  and  then  has  its  elasticity  equal  to 
that  of  the  common  atmospheric  air :  by  great  heat  it  has  beeii 
found  that  the  steam  may  be  expanded  into  14000  times  the 
ipace  of  water,  and  then  exerts  a  force  of  nearly  5  times  the 
pressure  of  the  atmosphere :  and  there  is  no  reason  to  suppose 
this  is  the  limit :  indeed  some  accidents  which  have  happened 
prove  clearly  that  the  elastic  force  of  steam  may  at  least  equal 
that  of  gunpowder. 

The  observations  on  the  different  degrees  of  temperature 
acquired  by  water  in  boiling,  under  different  pressures  of  the 
atmosphere,  ^nd  the  formation  of  the  vapour  from  water  under 
|he  receiver  of  an  ^ir-pump,  when  with  the  common  tempera- 
tares  the  pressure w  diminished  to  a  certain  degree,  shew  clearly 
{bat  the  expansive  force  of  vapour  or  steam  is  different  in  the 
different  temperatures,  and  that  in  general  it  increases  in  a  va^ 
liable  ratio  as  the  temperature  is  raised.  Previous  to  describing 
die  inethod  which  has  been  adopted  to  measure  the  force  of 
steam  under  different  temperatures,  it  will  be  proper  to  describe 
briefly  the  method  by  which  the  Chemists  account  for  the  pro« 
duQtion  of  aeriform  fluids. 

53.  The  term  Caloric  is  used  to  denote  the  cause,  whatever 
it  mfiy  be,  of  heat^  and  of  the  phenomena  M'hich  accompany 
iieat :  it  is  now  almost  universally  admitted  to  be  a  highly  elastic 
fluid.  Every  body  ^^9  according  to  its  nature,  capable  of  con«p 
tafnipg  under  a  given  volume  a  certain  quantity  of  caloric^ 
^ther  greater  or  less :  this  property  was  first  observed  by  Dr. 
Black,  and  the  English  chemists  designated  it  by  the  term  Ca* 
facitv  of  a  body  to  contain  the  matter  of' heat.  Professor  Wilcke 
pnd  M.  Lavoisier  first  made  use  of  the  term  specific  calorie^ 
denoting  by  it  the  quantity  of  caloric  respectively  necessary  to 
elevate  to  the  same  number  of  degrees  the  temperature  of  se- 
fml  bodies  of  equal  weight. 

Substances  volatilised  and  reduced  to  gas  or  aeriform  fluids, 
ire  n(othing  else  than  ordinary  solid  or  fluid  bodies  which  by 
lome  circumstance  are  found  superabundantly  combined  with 
caloric,  in  such  a  nianner  that  the  constituent  particles  of  these 
bodi^  are  separated  the  one  from  the  other,  by  a  quantity  of 
imbient  calonc  much  more  consiclerable  than  that  which  sur- 
rounds the  same  particles  in  the  natural  state  of  tlie  bodies. 
The  extreme  elasticity  of  the  caloric  the  effect  of  which  is  aug-> 
mented  by  its  condensation,  and  the  weakening  of  the  reci- 
procal attraction  or  of  the  cohesion  of  the  particles  of  the  bedies 
(a  weakening  or  diminution  produced  by  the  increased  distance 
of  those  particlfis)  concur  to  diminish  the  density  of  the  bodies 
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ill  such  a  manner  that  they  become  reduced  to  an  aerifofm 
state. 

•  54.  As  to  the  elasticity  of  gaseous  fluids  thus  formed,  it  ap- 
pears in  great  measure  to  be  produced  by  the  elasticity  ctf  ca- 
loric itself,  which,  when  bodies  are  reduced  to  the  gaseous  state, 
occupy  a  very  great  part  of  their  volume.  This  eminent  elasti- 
city of  caloric  tends  continually  to  produce  expansion ;  on  the 
other  hand,  this  fluid,  by  a  particular  destination  of  nature,  isi 
more  or  less  disseminated  between  the  molecidae  of  all  bodies^ 
in  such  sort  that  we  may  say  with  M.  Lavoisier  that  even  in  the 
solid  state  these  moleculae  do  not  touch,  but,  as  it  were,  swim 
in  the  caloric  at  a  certain  distance  from*  each  other.  There 
must,  therefore,  be  a  perpetual  contest  between  the  expansive 
force  of  caloric  which  tends  to  disseminate^e  molecular,  and 
the  cohesive  attraction  of  the  moleculae  wich  tends  to  join 
them  together.  From  the  reciprocal  intensity  of  these  two 
powers  results  the  solid  and  liquid  states  of  bodies:  thus,  water 
only  differs  from  ice  by  the  greater  or  less  condensation  of  ca- 
loric, which  permits  more  or  less  of  the  moleculte  of  the  liquid 
to  yield  to  the  eflfect  of  their  attraction  or  reciprocal  cohesion. 
-  When  substances  pass  from  the  liquid  to  the  aerifomii  state; 
there  is  a  third  power  to  combine  with  the  expansive  effort  of 
caloric,  and  the  aggregative  or  attractive  effort  of  the  mole- 
culse ;  namely,  the  pressure  of  the  atmosphere,  or  of  any  elastic 
fluid  whatever  which  compresses  the  fluid,  and  opposes  itself  to 
the  separation  of  its  parts.  This  third  power  has  a  certain  in- 
fluence also  upon  the  passage  from  the  solid  to  the  fluid  state, 
but  it  is  most  frequently  (in  this  case)  very  small,  and  even 
evanescent  in  comparison  of  the  resistance  arising  from  the 
mutual  cohesion  of  the  moleculse.  The  contrary  effect  ha» 
place  in  the  course  of  the  passage  from  the  liquid  to  the  gaseous 
or  aerifonn  state ;  the  cohesion  of  the  fluid  moleculas  being  ex- 
tremely small,  the  elasticity  of  the  caloric  has  scarcely  any  thing 
to  surmount  to  produce  volatilisation  besides  tlie  pressure  of  the 
atmosphere,  or  gas  which  actually  compresses  it. 

55.  Hence  it  results  that  the  same  liquid  under  different 
pressures  ought  to  volatilise  at  different  temperatures.  M. 
Lavoisier  proved  the  truth  of  this  result,  by  placing  ether  under 
the  receiver  of  an  air-pump,  and  producing  volatilisation  solely 
by  taking  off  a  part  of  the  pressure  of  the  atniospherfe.  See 
Ckymicy  tome  /.  pa.  9.  And  we  know  by  many  experiments  of 
M.  Deluc  and  others,  that  water  boils  the  n>ore  speedily  as  it  is^ 
less  pressed  by  the  weight  of  the  atmosphere. 

Lavoisier  notices  a  curious  consequence  of  what  has  been 
here  said ;  which  is,  that  if  our  planet  revolved  upon  its  axiv 
wjtii  such  a  velocity  as  to  lessen  the  pressure  of  the  atmosphere^ 
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or  if  the  temperature  of  the  air  were  raised^  then  several  fluids 
which  M'e  now  see  under  a  liquid  state  would  only  exist  in  the 
aeriform  state;  for  example,  if  under  tlie  temperature  of  sum- 
Quer  the  pressure  of  the  atmosphere  were  only  equivalent  to  20 
or  24  inches  of  the  barometrical  tube,  that  pressure  would  not 
retain  ether  in  the  fluid  state,  it  would  be  changed  into  gas ; 
and  the  like  would  happen,  if  while  the  pressure  of  the  air  was 
equivalent  to  28  or  30  inches  of  the  mercury  the  habitual  tem- 
perature were  105  or  1 10  degrees  on  Fahrenheit's  scale. 

56.  The  principles  which  have  been  here  exhibited  are  suf- 
ficient for  the  understanding  of  all  which  relates  to  the  action 
o£  water  or  other  fluids  reduced  to  vapour.  Now,  it  has  ap- 
peared ft*om  frequent  experiments  that  water  heated  in  common 
air  volatilises  at  80"^  of  Reaumur's  thermometer,  or  212°  of 
Fahrenheit's,  the  height  of  the  barometer  being  28  French,  or 
29'9  English  inches  :  and  spirits  of  wine  under  a  like  pressure 
volatilises  at  between  63^  and  64"*  of  Reaumur,  or  nearly  175° 
of  Fahrenheit  Tlie  expansive  force  of  the  vapour  must,  there- 
fore, in  both  these  cases,  according  to  the  principles  just  ex- 
plained, be  measured  by  a  column  of  mercury  of  28  French,  or 
29*9  English  inches,  in  like  maqner  as  such  a  column  measures 
the  pressure  of  the  atmosphere,  or  the  elasticity  of  common  air. 
And  at  any  more  elevated  temperatures  the  elastic  force  of  tb« 
vapour  will  surpass  the  pressure  of  the  atmosphere  by  a  quantity 
which  has  a  certain  relation  with  the  excess  of  the  temperature 
above  those  just  stated. 

57.  Till  lately  there  was  wanting  on  this  important  subject  a 
series  of  exact  and  direct  experiments  by  means  of  which,  having 
given  the  temperature  of  the  heated  fluid,  the  expansive  force  of 
the  steam  rising  from  it  might  be  known,  and  vice  versa.  There 
was  likewise  wanting  an  analytical  theorem  expressing  the  re- 
lation between  the  temperature  of  the  heated  fluid  and  the 

K assure  with  which  the  force  of  the  steam  was  in  equilibrio. 
ese  desiderata  have,  however,  been  lately  supplied  by  M. 
Bettancourt,  an  ingenious  Spanish  philosopher,  after  a  method 
which  shall  now  be  concisely  explained. 

58.  M.  Bettancourt's  apparatus  consists  of  a  copper  vessel  or 
boiler,  with  its  cover  firmly  soldered  on :  this  cover  has  three 
orifices  which  close  up  with  screws :  at  the  first  the  water  or 
other  fluid  is  put  in  and  out;  through  the  second  passes  the 
stem  of  a  thermometer  which  has  the  whole  of  its  scale  or  gra. 
duations  above  tlie  vessel,  and  its  ball  within,  where  it  is  inu 
niersed  either  in  the  fluid  or  in  the  steam  according  to  the  dif- 
ferent circumstances;  through  the  third  hole  pa-sses  a  tube, 
ouiking  a  communication  between  the  cavity  of  the  boiler  and 
one  branch  of  au  inverted  syphon^  which  contains  mercury, 


64  MECHANICS. 

and  acts  as  a  barometer  for  measuring  the  pressure  of  the  elcuitic 
vapour  within  the  boiler.  In  the  side  of  the  vessel  there  is  a 
fourth  hole  into  nhich  is  inserted  a  tube  with  a  turncock,  mak- 
ing a  communication  with  the  receiver  of  an  air-pump,  in  order 
to  extract  the  air  from  the  boiler,  and  to  prevent  its  return. 

The  apparatus  being  prepared  in  good  order,  and  distilled 
water  introduced  into  the  boiler  at  the  first  hole,  and  then  stop* 
ped,  as  well  as  the  end  of  the  inverted  syphon  or  barometer, 
M.  Bettancourt  surrounded  the  boiler  with  ice,  to  lower  the 
temperature  of  the  water  to  the  freezing  point,  and  then,  having 
extracted  all  the  air  from  the  boiler  by  means  of  the  air-pump, 
the  difference  between  the  columns  of  mercury  in  the  two 
branches  of  the  barometer  shewed  the  measure  of  the  elastic 
force  of  the  vapour  arising  from  the  water  in  that  temperature. 
Then  lighting  the  fire  below  the  boiler,  he  gradually  raised  the 
temperature  of  the  water  from  0  to  110*  of  Reaumur^s  ther- 
mometer, that  is,  from  S2**  to  2794f  of  Fahrenheit's  thermo- 
meter; and  for  each  degree  of  elevation  in  the  temperature  he 
observed  the  height  of  die  mercurial  column  which  measured 
the  elasticity  or  pressure  of  the  vapour. 

These  experiments  were  repeated  various  times  and  ^th  diC 
ferent  quantities  of  water  in  the  vessel ;  their  results  were  ar- 
ranged in  different  columns  for  the  sake  of  comparison,  and  it 
appeared  that  the  pressures  for  different  temperatwes  agreed 
very  nearly,  however  much  the  quantity  of  fluid  in  the  vessel 
vrsLS  varied.  It  was  also  seen  that  the  increase  in  the  expansive 
force  of  the  vapour  is  at  first  very  slow ;  but  increases  gradually 
unto  the  higher  temperatures,  where  the  increase  becomes  very 
rapid,  as  will  be  obvious  from  an  examination  of  the  tables  in 
some  of  the  foUowins  pages. 

59.  To  express  the  relation  between  the  degrees  of  tem«- 
perature  of  the  vapour  and  its  elastic  force,  this  philosopher 
employs  a  method  suggested  by  M.  Prony,  which  consists  in 
imagining  the  heights  of  the  columns  of  mercury  measuring  tho 
expansive  force  to  represent  the  ordinates  of  a  curve,  and  tha 
degrees  of  heat  the  corresponding  abscissae  of  that  curve ;  makina 
the  ordinates  equal  to  the  sum  of  several  logarithmic  ones  which 
contain  two  indeterminates,  and  ascertaining  these  quantities  in 
such  manner  that  the  curve  may  agree  with  a  tolerable  number 
oH  observations  taken  throughout  the  whole  extent  of  the  chang$( 
of  temperature,  from  the  lowest  to  the  highest  extreme  of  the 
experiments.  Then  a  formula  or  equation  to  a  curve  is  ia- 
vestigated,  and  when  the  curve  corresponding  to  that  equation 
is  constructed,  if  it  coincide  (with  the  exception  of  a  few 
trifling  anomalies)  with  the  curve  constructed  by  the  results  of 
the  experiments,  the  formula  may  be  looked  upou  as  correct^ 
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wai  furnishing  a  true  analytical  representation  of  the  pheuo- 
mena.  This  was  done  by  M.  Bettancourt,  and  the  curve  con- 
structed Arom  his  equation  has  a  point  of  inflexion  at  about  the 
102^  of  Reaumur^  as  it  ought  to  have^  because  the  second  dif- 
ferences of  the  barometrical  measures  of  the  elastic  force  be- 
came negative  at  that  temperature. 

60.  In  a  similar  manner  M.  Bettancourt  made  experiments  on 
the  .strength  of  the  vapour  fr-om  alcohol  or  spirit  of  wine ;  con- 
sfructing  the  curve  and  deducing  the  requisite  analytical  formula. 
This  curve  jiad  likewise  a  point  of  inflexion  at  about  88^  of 
Reauiaor,  the  second  xlifferences  in  the  table  of  barometrical 
measures  becoming  then  negative.  From  a  comparison  of  the 
experiments  on  the  vapour  of  water  with  those  on  the  vapour  of 
alcohol,  a  remarkable  conclusion  Was  derived  :  for  it  appeared 
ihat,  after  the  first  2^  of  Reaumur^  the  strength  of  the  va- 
pour of  spirit  of  wine  was  to  that  of  the  vapour  of  water, 
nearly  in  the  same  constant  ratio  of  23  to  10,  or  7  to  3,  for 
any  one  and  the  same  degree  of  heat.  Thus,  at  the  tempe- 
rature of  40°  of  Reaumur,  the  strength  of  the  steam  of  water 
is  measured  by  2*9711  Paris  inches  in  the  barometer,  and  that 
of  vapour  of -alcohol  by  6*9770,  the  latter  being  about  2  f  times 
die  former. 

6 1 .  The  equations  to  the  curve  of  temperature  and  pressure, 
denotino:  the  relation  between  the  abscissae  and  ordinates,  or  bo- 
tween  the  temperature  and  the  elasticity  of  the  vapour,  as  given 
hy  M.  Bettancourt,  were  of  the  following  form. 

f«  4- A:r      /  +  >!x      ax  —  ^     </x  —  e' 

1.  For  water,  y  '=.  e  — e  — e  -|-e        • 

-    f^  +  PU"         fi'  +  X'^        oX  —  ^      (/x  —  ^ 

2. — alcohol, y  ^  e  +c  — 6         -^  e         —  A. 

Where  ^  represents  the  height  of  the  column  of  mercury  which 
measures  the  expansive  force,  x  the  corresponding  degrees  of 
.Reaumur's  thermometer,  and  the  other  letters  certain  values 
which  are  assigned  to  them  in  the  investigation. 

62.  But  M.  Prony,  in  the  2d  volume  of  his  Architecture 
Hydrau/ique,  has  thrown  these  equations  into  a  rather  more 
convenient  form,  though  analogous  to  those  of  Bettancourt. 
^is  formula  for  the  vapour  of  water  is  this. 

The  melliod  which  he  followed  consisted  in  satisfying  the  re- 
sults between  0^  and  80°,  by  means  of  the  two  first  terms,  and 
interpolating  by  means  of  the  other  two,  the  differences  her 
tween  the  observed  values,  and  those  computed  by  the  two  first 
terms,  from  SQP  up  to  110''.  In  this  manner  he  succeeded  to 
express  so  ej^actly  the  observations  in  their  whole  .extent,  that 
yoi-.  II.  F 
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the  curves  of  the  calculus  and  the  experiments  were  only  dis« 
tinguishable  the  one  from  the  other  by  such  little  anomalies,  as 
were  manifestly  the  effect  of  some  trifling  though  inevitable 
errors  in  the  observations,  and  in  the  graduations  of  the  scales 
ill  the  apparatus.  He  afterwards  employed  an  equation  of  three 
terms,  giving  to  the  different  coefficients  the  following  values : 

|l^  =1-172805    .     .     * log.  p^  =00692259 

f,^  =10477'75 log.  f^,  =0  0202661 

J    =1-028189 log.  f,^^=00 120736 

|t^=— 0-00000072460407 log.  ft^  =  7-8601007 

ft^  =+0-8648188803 log.f^^^=T'936927l 

fit^^^=s—0'86481 81057      .....     .  log.  |*,,^=  i -9369248 

Substituting  these  several  values  in  the  equation 

y-  «^/  P.*  +  f^//  p/  +  M'/z/P///'  f 
it  satisfies  not  only  the  numbers  employed  in  its  formation,  but 
all  the  intermediate  observsitions,  as  may  be  concluded  from  the 
foUowing  table,  which  exhibits  to  every  J  0  degrees  of  Reau- 
mur's thermometer  the  barometrical  resiuts  both  of  obvervatiou 
and  the  calculus.  ; 


Tempe- 

Pressures 

given  by 

Ano- 

rature. 

malies. 

Experim. 

Calculus. 

0 

000  in. 

0-00  in. 

0-00  in. 

10 

0-15 

0-24 

+  0.09 

20 

0-65 

0-69 

+  0-04 

30 

1-52 

1-51 

-0-01 

40 

2-92 

2-95 

+  0-03 

50 

5-35 

5-42 

+  0-07 

60 

^'^b 

9*62 

— 0*33 

70 

16-90 

16-57 

-0-33 

80 

28-00 

27-92 

— 0-08 

90 

46-40 

45.87 

-0-53 

100 

71-80 

71-94 

+  0-14 

110 

98-00 

98-36 

+  0-36 

The  anomalies  are  generally  much  more  minute  than  in  the 
formulae  of  four  terms :  we  may  therefore  regard  the  equation 
just  precedmg  the  table,  which  is  more  simple  than  that  of  Bet- 
tancourt,  as  representing  the  phenomena  and  measuring  the  ef- 
fects of  the  expansive  force  of  the  steam  of  water  with  all  de- 
sirable accuracy.  M.  Prony  remarks,  that  the  smallness  of  the 
coefficient  f«,  will  allow  the  term  ^j^f  to  be  neglected  in  reckon- 
ing between  0*  and  80°  \  and  thus  from  the  temperature  of  ice 
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up  to  that  of  boiling  water,  the  equation  of  two  terms  alone 
will  suffice,  that  is  to  say . . . .  y  n  ft^^f^^*  +  f^.^^ut*. 

€3.  M.  Prony's  equation  for  the  vapour  of  alcohol  comprises 
5  terms  originaUy :  but  in  most  cases  three  of  those  terms  will 
give  results  sufficiently  accurate.  The  numeral  values  of  the 
coefficients  are  as  below : 

f,  =   ril424 

g^^=    1-05714 


log.  f,  =  004697771 
log.f,,  =  0-02413079 

log-  F///=  T:9027776 
log.  jx^  =  3-3282330 
log.  ju,^^  =  T95981S2 
log.  f^//^=  j-3217595 


f,^^=  0.79943  .  .  .  ^ 
|x,  =-0-0021293  .  .  . 
f«.^^  =  +0'9116186  '.  .  . 
ft,^,= +0-2097778  .  .  . 
fti,=  - 1-1192671 
These  numbers  cause  the  experiments  and  calculus  to  coin^ 
<ide  very  nearly,  when  introduced  into  the  equation. 

y  =  f*/  F/*+f*//F//+f^///fv/+  f^iT- 
The  magnitude  of  the  anomalies  will  be  seen  by  inspecting 
Ae  following  table. 


Terape- 

Pressures  given  by 

Ano- 

ratiirp 

malies. 

Experlm. 

Calculus. 

0 

000  in. 

0-00  in. 

0-00 

10 

0-47 

0-45 

-0*02 

20 

1-52 

1-56 

+0-04 

30 

.  3-49 

3*54 

+  0-05 

40 

6-90 

6-97 

+  0-07 

50 

13-05 

12-93 

,-0-12 

69 

23-65 

23-05 

-0-50 

70. 

39-30 

39-31 

+001 

80 

63-80 

64-35 

+0-55 

90 

98-00 

98-28 

+0-28 

Thus  the  formula  for  the  vapour  of  spirit  of  wine  is  found  as 
simple  as  that  for  the  vapour  of  water,  without  ceasing  to  repre- 
sent the  experiments  with  all  desirable  exactness.  But  more 
than  this,  we  may  retrench  one  of  the  variable  tenns  ;  for  in  the 
first  degree  fi^^^^//*  has  no  greater  value  than  0*18,  and  when 
^  is  2,  3,  or  any  other  positive  value,  this  third  term  may  be 
afely  neglected.     The  equation  therefore  is  reduced  to 

a  form  much  more  simple  than  Bettancourt's  original  equation, 
And  indeed  more  simple  than  Prony's  improved  equation  for  the 
vapour  of  waten 

f2 
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64.  To  saTe  the  trouble  of  investigating  the  strength  of  the 
vapour  by  these  fprmnia  for  every  separate  case  that  may  occttf^ 
we  add  a  table  (calculated  from  these  principles)  in  which  the 
strength  of  the  vapour  both  of  water  and  of  spirit  of  wine  is 
shewn  for  every  degree  of  Reaumur's  thermometer  up  to  110*^,^ 
or  for  every  2\  degrees  of  Fahrenheit,  from  32  to  280' :  the 
strengths  are  expressed,  not  in  English  or  in  French  inches  upon 
the  barometer,  but  in  terms  whose  unit  is  the  medium  pressure 
of  the  atmosphere,  supposing  that  medium  equivalent  to  29*9 
English^  or  28  French  mches  of  mercury.  The  pressure  upon 
a  square  inch  in  pounds  averdupois  corresponding  to  any  tem- 
perature may  be  found  by  multiplying  the  corresponding  num*  . 
her  taken  from  the  table  by  1475  :  and  the  pressure  for  any  in* 
termediate  degree  of  Fahrenheit  may  be  found  pretty  nearly^ 
t)y  proportioning,  as  is  usual  in  tables  of  Logarithms^  8cc« 


Strength  of  Fapour  and  Jlcohol. 


Prc,.urei« 

Itriusol'At- 

P«M«rem 

terms  of 

Deereci 
of 

mosjiherir  fresaure. 

Degrees 
of 

Atmoapherioi'resiiure  1 

V.pour 

V.pour 

Vapour 

V.poM 

of 

or 

Alcohol. 

of 
W.ter. 

of 
Alcohol. 

Reiu. 

Fi^r. 

Wilier. 

Beau 

Fnlir. 

34j 

■00063 

■00015 

56 

iS8 

■27481 

•65SG4 

36i 

■0013* 

■00074 

57 

160* 

,29076 

■69671 

38* 

■110193 

•00171 

53 

leaj 

■30650 

■73h73 

41 

•0{I-161 

■00299 

59 

164* 

•3S52S 

■77167 

43* 

■00371 

■00449 

167 

■34385 

■82337 

*H 

■00*33 

•00641 

169* 

■36345 

■86946 

i7| 

■00539 

■00S49 

I71J 

■38249 

■91467 

30 

■00621 

■01030 

63 

173* 

■4(1572 

■96587 

ssi 

■00740 

■01333 

64 

176 

■4'ia49 

1-013! 

i+i 

■00823 

•01608 

65 

17.Hi 

■45945 

1-0795 

Sfij 

■00971 

66 

180i 

■47765 

11385 

59 

■01085 

■02163 

67 

lb2* 

r9oo* 

tili 

■oiaai 

■o;5U 

68 

185 

-53199 

1^2653 

63* 

■01384 

■02884 

69 

187* 

56126 

13330 

<i5i 

■Oli'JI 

■03276 

70 

1894 

•59203 

1.4038 

■01706 

■03689 

191* 

■62436 

1-4478 

70} 

■01860 

•04126 

-65832 

1.5553 

72* 

■045Ba 

73 

196* 
198} 

■69403 

l-fij59 

74i 

■U924t 

■0507(1 

74 

■74589 

17199 

iO 

77 

■02454 

■05591 

75 

200i 

.77096 

1-8075 

79i 

■02677 

■06136 

■81936 

1  3935 

Sljl 

■08914 

■('6711 

205* 

■855 BE 

1-993S 

83| 

•03165 

■07319 

76 

207i 

■90314 

2.0855 

SG 

■03432 

■07961 

79 

209* 

•94957 

9-1895 

B8i 

■03715 

■08641 

80 

212 

1-0000 

2-2083 

26 

90i 

■04011 

■09358 

Si  4* 

r0519 

a-W74 

57 

92* 

-04331 

■S16i 

1-1064 

2-5177 

28 

95 

■04667 

■10917 

83 

ais* 

■■1634 

!9 

971 

,-05083 

■ii7<;3 

84 

231 

1-2232 

9-7527 

3(1 

99i 

■05364 

■12657 

85 

223* 

1.2851 

S8739 

31 

101* 

■05833 

■13603 

86 

sasi 

r3500 

9  9977 

as 

101 

■06219 

■14601 

87 

827* 

1-4177 

31936 

33 

106i 

•0666S 

■13656 

88 

330 

1-4873 

3-9S48 

34 

log} 

■0?136 

■1S671 

S9 

232* 

1-5613 

3-S306 

1104 

■07634 

■17949 

90 

934i 

1-6382 

3-5UH9 

113 

•OS  159 

■19193 

236* 

1  7176 

3? 

US* 

■i0151 

93 

S39 

1-8003 

Si 

inj 

•3189H 

93 

241* 

VB851 

13 

119* 

■0992  r 

-2336G 

94 

1-9733 

to 

133 

■10611 

■24921 

95 

245* 

3-0643 

41 

lS4i 
196i 

■11266 

■36557 

96 

948 

2-157» 

13 

■11994 

■28289 

97 

952! 

a-?539 

t3 

198* 

■1B7S2 

■30120 

a-3S'27 

■M 

131 

■13573 

■3i054 

99 

254i 

2-4533 

4i 

133* 

•1412S 

95? 

9-55.M 

u 

135i 

■15329 

•36256 

959* 

2  6587 

it 

137* 

■16279 

■3S53S 

103 

961 J 

2-7628 

W 

140 

■17281 

■40931 

103 

263* 

2-9667 

49 

ml 

144i 

•183S8 

■43500 

104 

S66 

2-9735 

■19447 

•46193 

lOS 

268* 

3-0711 

ii 

146* 

•80609 

-4S036 

106 

97114 

3-1691 

S2 

[49 

•31855 

-52043 

107 

979* 

3^2631 

13 

131* 

■83)55 

•5531 B 

103 

975 

3.3505 

M 

1534 

■24524 

■58571 

109 

377* 

3-4299 

S5 

Ifi5* 

■25a'i8 

■62117 

110 

2794 

3-5 127 
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Several  curious  and  in  some  respects  useful  consequences 

might  be  deduced  from  these  experiments  and  theorems.     M. 

Bettancourt  shews  for  instance,  that  tlie  effect  of  steam  engines 

must,  in  general,  be  greater  in  winter  than  in  summer,  owing  to 

the  different  degrees  of  temperature  in  the  water  of  injection* 

And  from  the  greatly  superior  strength  of  the  vapour  of  spirit 

*  of  wine  over  that  of  water,  he  argues  that,  by  trying  other 

fluids,  some  may  be  found,  not  very  expensive,  whose  vapour 

may  be  so  much  stronger  than  that  of  w^ter,  with  the  same 

degree  of  heat,  that  it  may  be  substituted  instead  of  water  in 

the  boilers  of  steam  engines,  to  the  great  saving  in  the  expence 

of  fuel :  nay,  he  even  asserts,  that  spirit  of  wine  itself  might 

thus  be  employed  in  a  machine  of  a  particular  construction, 

which,  with  the  same  quantity  of  fuel,  and  without  any  increase 

of  expence  in  other  things,  shall  produce  an  eflfect  far  superior 

to  what  is  obtained  from  the  steam  of  water.     Another  use  of 

these  researches  suggested  by  M.  Bettancourt  is,  to  measure  the 

,  height  of  mountains  by  means  of  a  thermometer  immersed  in 

boiling  water ;  which  he  thinks  may  be  done  with  a  precision 

equal,  if  not  superior-,  to  that  of  the  barometer.     But  this,  being 

foreign  to  our  present  enquiries,  cannot  be  entered  upon  here : 

a  comparison  of  the  results  of  this  method  with  some  deduced 

from  the  more  custoinary  process  may  be  seen  in  Dr.  Hutton'» 

Dictionary,  vol.  II.  pa.  756,  to  which  such  as  are  desirous  of 

further  information  on  this  point  are  referred. 

65,  Our  ingenious  countryman  Mr.  Dalton,  of  Manchester, 
is  of  opinion  that  M.  Bettancourt's  deductions  are  not  quite  ac- 
curate. His  chief  error  consists  in  having  assumed  the  force  of 
vapour  from  water  of  32**  (Fahrenheit)  to  be  nothing  ;  which 
makes  his  numbers  essentially  wrong  at  that  point  and  in  all  the 
lower  parts  of  the  scale  :  and  in  the  higher  part,  or  that  which 
IS  above  212°,  the  force  is  determined  too  much;  owing,  as 
Mr.  Dalton  apprehends,  to  a  quantity  of  air,  which  being  dis- 
engaged from  the  water  by  heat  and  mixing  with  the  steam,  in- 
creases the  elasticity. 

Mr.  Dalton's  first  experiments  with  spirit  of  wine  led  him 
to  adopt  the  same  conclusion  as  M.  Bettancourt,  with  respect 
to  the  constant  ratio  between  the  force  of  the  vapour  from  this 
spirit  and  that  from  water;  and  inferred  the  same  with  regard 
to  the  vapour  from  other  fluids.  But,  on  pursuing  the  subject, 
he  concluded  that  this  principle  was  not  true,  either  with  re- 
spect to  spirit  of  wine  or  any  other  liquid.  His  experiijients 
upon  six  different  liquids  agree  in  establishing  as  a  general  law, 
'^  That  the  variation  of  the  force  of  vapour  from  all  liquids  is 
"  the  same  for  the  same  variation  of  temperature^  reckoning 
from  vapour  of  any  given  force :  thus,  assuming  a  force 
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'  equal  to  thirty  inches^  of  mercury  as  the  standard^  it  being  the 
'  force  of  .vapour  from  any  liquid  boiling  in  the  open  air^  we 
'  £nd  aqueous  vapour  loses  half  its  force  by  a  diminution  of  30 
'  degrees  of  temperature :  so  does  the  vapour  of  any  other  liquid 
'  lose  half  its  force  by  diminishing  its  temperature  30  degrees 
'  below  that  in  which  it  boils ;  and  the  like  for  any  other  incre- 
'  ment  or  decrement  of  heat.  This  being  the  case,  it  becomes 
'  unnecessary  to  give  distinct  tables  of  the  force  of  vapour  from 
'  different  liquids,  as  one  and  the  same  table  is  sufficient  for 
'  all.'' 

The  experiments  on  which  this  conclusion  rests,  are  related 
in  the  fifth  volume  of  the  Manchester  Memoirs ;  they  may  also 
be  seen  in  the  6th  volume  of  the  New  Series  of  Mr.  ^icholson^s 
Journal.  Mr.  Dalton  has  calculated  a  table  of  the  force  of 
vapour  of  water  from  the  temperature  of  40®  below  zero  ofTah^ 
renheit,  to  325°  above  it.  From  this  table  we  have  extracted 
the  following ;  in  which  we  have,  as  before,  reduced  the  force 
to  the  medium  pressure  of  the  atmosphere  for  the  measuring 
unit,  that  the  small  differences  in  the  results  of  the  English  and 
the  Spanish  philosopher  may  be  the  more  readily  traced* 


Tempe- 

Force of 

Tempe- 

Force of 

rature 

aqueous 

rature 

aqueous 

on  Fahr. 

Vapour. 

on  Fahr. 

Vapour. 

80® 

•0333 

212* 

1-000 

90 

•0453 

220 

1-166 

100 

•0620 

230 

1-391 

110 

•0843 

240 

1-655 

120 

•1110 

250 

1-940 

130 

•1416 

260 

2*257 

140 

•1913 

270 

2-595 

150 

•2473 

280 

2-958 

160 

•3153 

290 

3-337 

170 

•4043 

300 

3-727 

180 

•5050 

310 

4-117 

190 

•6333 

315 

4-309 

200 

•7880 

320 

4-500 

tio 

•9613 

325 

4-690 

If  X  denote  the  degrees  of  beat  measured  on  Fahrenheit's 
thermometer  from  212*,  the  ordinary  boiling  point  of  water,  and 
/-be  the  force  of  compression  measured  in  inches  of  mercury. 
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then,  to  express  the  elasticity  of  the  steam   generated  from 
water,  we  have  this  logarithmic  formula :  viz. 

Log./=log.30+^log.(l-250^-0l5~). 

Hence  when  x  is  known,  we  may  find^',  which  measures  both 
the  compression  on  the  surface  of  the  water,  and  the  elastic 
force  of  the  steam.  The  above  theorem  will  serve  to  estimate 
the  force  of  steam  generated  from  any  other  liquid,  provided 
it  be  reckoned  from  the  ordinary  boiling  point  of  the  respective 
liquid,  when  the  barometer  stands  at  30  inches. 

66.  There  remains  for  us  to  consider  another  kind  of  mover 
of  machinery,  which  is  Animal  Exertion,  and  which  is  of 
so  fluctuating'^a  nature  that  it  is  not  easy  to  subject  it  to  any 
estimate.  Physical  causes  must  affiect  both  the  magnitude  and 
duration  of  the  efforts  either  of  man  or  beast,  and  besides  tbis^ 
the  strength  of  man  is  considerably  influenced  by  his  moraC 
habits.  The  various  combinations  of  these  different  causes  have 
occasioned  a  variety  of  estimates  of  animal  labour  ta  be  ad- 
"vanced  by  different  authors. 

In  the  first  volume  of  this  w^ork  (art.  378.f  we  stated  the 
average  force  of  a  man  at  rest  to  be  70  lbs.,  and  his  utmost 
walking  velocity  when  unloaded  to  be  about  6  feet  per  second  'y 
and  we  thence  inferred  that  a  man  would  produce  the  greatest 
momentum  when  drawing  31^  lbs.  along  a  horizontal  plane 
with  a  velocity  of  2  feet  per  second.  But  this  is  not  the  most 
advantageous  way  of  applying  human  strength. 

67.  Dr.  Desaguliers  asserts,  that  a  man  can  raise  of  water  or 
any  other  weight  about  550  lbs.,  or  one  hogshead  (weight  of 
the  vessel  included),  10  feet  high  in  a  minute ;  this  statement, 
though  he  says  it  will  hold  good  for  6  hours,  appears  from  his 
own  facts  to  be  too  high ;  and  is  certainly  such  as  could  not  be 
continued  one  day  after  another.  Mr.  Smeaton  considers  this 
work  as  the  effort  of  haste  or  distress ;  and  reports  that  6  good 
English  labourers  will  be  required  to  raise  21141  solid  feet  of 
sea  water  to  the  height  of  four  feet  in  four  hours  :  in  this  case 
the  men  will  raise  a  very  little  more  than  6  cubic  feet  of  fresh 
water  each  to  the  height  of  10  feet  in  a  minute.  Now  the 
hogshead  containing  about  8 J  cubic  feet,  Smeaton's-  allowance 
of  work  proves  less  than  that  of  Desaguliers  in  the  ratio  of  6  to 
8}  or  3  to  4^.  And  as  his  good  English  labourers  who  can 
work  at  this  rate  are  estimated  by  him  to  be  equal  to  a  double 
set  of  common  men  picked  up  at  random,  it  seems  proper  to 
state  that,  with  the  probabilities  of  voluntary  interruption,^  and 
other  incidents,  a  man's  work  for  several  successive  days  ought, 
tiot  to  be  valued  at  more  than  half  a  hogshead  raised  10  feet  high 
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in  a  minute.  Smeaton  likewise  states  that  two  ordinary  horses 
will  do  the  work  in  three  hours  and  twenty  minutes,  which 
amounts  to  little  more  than  two  hogsheads  and  a  half  raised  10 
feet  high  in  a  minute.  So  that,  if  these  statements  be  accurate, 
9ne  horse  will  do  the  work  of  five  men. 

68.  Mr.  Euierson  affirms,  that  a  man  of  oidinary  strength 
taming  a  roller  by  the  handle  can  act  for  a  whole  day  against  a 
resistance  equal  to  30  pounds  weighty  and  if  he  works  lO 
hours  a  day  he  will  raise  a  weight  of  30lbs.  through  3J  feet  in 
a  second  of  time;  of,  if  the  weight  be  greater,  he  will  raise  it 
to  a  proportionally  less  height.  If  two  men  work  at  a  windlass 
or  roller,  they  can  more  easily  draw  up  70  lbs.  than  one  man 
can  30  lbs. ;  provided  the  elbow  of  one  of  the  handles  be  at 
right  angles  to  that  of  the  other.  Men  used  to  bear  loads,  such 
as  porters,  will  carry  from  150 lbs.  to  200  or  260  lbs.  according 
to  their  strength.  A  man  cannot  well  draw  more  than  70  lbs. 
or  80lbs.  horizontally  :  and  he  cannot  thrust  with  a  greater  force 
acting  horizontally  at  the  height  of  his  shoulders  than  27  or 
30  lbs.  But  one  of  the  most  advantageous  ways  in  which  a 
man  can  exert  his  force  is  to  sit  and  pull  towards  him  nearly 
horizontally,  as  in  the  action  of  rowing. 

69.  M.  Coulomb  communicated  to  the  French  National 
Institute  the  results  of  various  experiments  on  the  quantity  of 
action  which  men  can  afford  by  their  daily  work,  according  to 
the  different  manners  in  which  they  employ  their  strength.  In 
the  first  place  he  examined  the  quantity  of  action  which  men 
can  produce  when,  during  a  day,  they  mount  a  set  of  steps  or 
Btairs,  either  with  or  without  a  burthen.  He  found  that  the 
quantity  of  action  of  a  man  who  mounts  without  a  burthen, 
having  only  his  own  body  to  raise,  is  double  that  of  a  man 
loaded  with  a  weight  of  68  kilogrammes,  or  223  lbs.  aver- 
dupois*,  both  continuing  at  work  for  a  day.  Hence  it  appears 
how  much,  with  equal  fatigue  and  time,  the  total  or  absolute 
effort  may  obtain  different  values  by  varying  the  combinations 
of  effort  and  velocity- 

But  the  word  effect  here  denotes  the  total  quantity  of  labour 
employed  to  raiise,  not  only  the  burthen,  but  the  man  himself; 
and,  as  Coulomb  observes,  what  is  of  the  greatest  importance 
to  consider  is  tlie  useful  effect ^  that  is  to  say,  the  total  effect,  de- 
ducting the  value  which  represents  the  transference  of  the 
weight  of  the  man's  body.  This  total  effect  is  the  greatest 
possible  when  the  man  ascends  without  a  burthen ;  but  the 
useful  effect  is  then  nothing :  it  is  also  nothing  if  the  man  be  so 
much  loaded  as  to  be  scarcely  capable  of  moving :  and  cousin- 

•  The  kilogramme  is  =  2^906  grs.«  3*28  lbs.  arerd. 
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quently  there  exists  between  these  two  limits  a  value  of  the 
load  such  that  the  useful  effect  is  a  maximum.  M.  Coulomb 
supposes  that  the  loss  of  quantity  of  action  is  proportional  to 
the  load  (an  hypothesis  which  experience  confirms),  whence  he 
obtains  an  equation  which^  treated  according  to  the  rules  of 
maxima  and  minima,  gives  53  kilogrammes  (1731^  lbs.  averd.) 
for  the  weight  with  which  the  man  ought  to  be  loaded,  in  ordei* 
to  produce  during  one  day,  by  ascending  stairs,  the  greatest 
useful  effect :  the  quantity  of  action  which  results  from  this  de- 
termination has  for  its  value  56  kilogrammes  (183|-lbs.  averd.) 
raised  through  one  kilometer,  or  nearly  1094«  yards.  But  this 
method  of  working  is  attended  with  a  loss  of  three-fourths  of 
the  total  action  of  men,  and  consequently  costs  four  times  as 
much  as  work  in  which,  after  having  mounted  a  set  of  steps 
without  any  burthen,  the  man  should  suffer  himself  to  fall  by 
any  means,  so  as  to  raise  a  weight  nearly  equal  to  that  of  his 
own  body. 

From  an  examination  of  the  work  of  men  walking  on  a  bo-' 
rizontal  path,  with  or  without  a  load,  M.  Coulomb  concludes 
that  the  greatest  quantity  of  action  takes  place  when  the  men 
walk  being  loaded:  and  is  to  that  of  men  walking  under  a 
load  of  58  kilogrammes  (19()i  lbs.  averd.)  nearly  as  7  to  4. 
The  weight  which  a  man  ought  to  carry  in  order  to  produce 
the  greatest  useful  effect ,  namely,  that  effect  in  which  the  quan-*- 
tity  of  action  relative  to  the  carrying  his  own  w^eight  is  de- 
ducted from  the  total  effect,  is  50*4  kilogrammes,  or  165'3lb8^ 
averdupois. 

There  is  a  particular  case  which  always  obtains  with  respect 
to  burthens  carried  in  towns,  viz.  that  in  which  the  men,  after 
having  carried  their  load,  return  unloaded  for  a  new  burthen. 
The  weight  they  should  carry  in  this  case,  to  produce  the  greatest 
effect,  is  61*25  kilogrammes  (200*7  lbs.  averd.).  The  quantity 
of  useful  action  in  this  case  compared  with  that  of  a  man  who 
walks  freely  and  without  a  load  is  nearly  as  1  to  5,  or,  in  other 
words,  he  employs  to  pure  loss  4-  of  his  power.  By  causing  a 
^man  to  mount  a  set  of  steps  freely  and  without  burthen,  his 
quantity  of  action  is  at  least  double  of  what  he  affords  in  any 
other  method  of  employing  his  strength. 

When  men  labour  in  cultivating  the  ground,  the  whole  quan- 
tity afforded  by  one  during  a  day  amounts  to  100  kilogrammes 
elevated  to  one  kilometer,  that  is,  32  8  lbs.  raised  1094  yards. 
M.  Couloinb  comparing  this  work  with  that  of  men  employed 
to  carry  burthens  up  an  ascent  of  steps,  or  at  the  pile-engine, 
finds  a  loss  of  about  ^V  P^i'^  only  of  the  quantity  of  action 
w  hich  may  be  neglected  in  researches  of  this  kind. 

In  estimating  mean  results  we  should  not  determine  from 
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experiments  of  short  duration,  nor  should  we  make  any  de- 
ductions from  the  exertions  of  men  of  more  than  ordinary 
strength.  The  mean  results  have  likewise  a  relation  to  chmate. 
"  I  have  caused,"  says  M.  Coulomb,  '*  extensive  works  to  be 
executed  by  the  troops  at  M artinico,  where  the  thermometer 
(of  Reaumur)  is  seldom  lower  than  20^  (77°  of  Fahrenheit). 
I  have  executed  works  of  the  same  kind  by  the  troops  in 
France :  and  I  can  affirm  that  under  the  fourteenth  degree  of 
latitude,  where  men  are  almost  always  covered  with  perspira- 
tion, they  are  not  capable  of  performing  half  the  work  they 
could  perform  in  our  climate*."  Bulletin  de  la  Soc.  Philomath. 
No.  16, 

•  In  the  preceding  account  of  the  effects  of  human  exertion^  since  the 
professed  object  was  to  state  the  mean  results  of  regular  and  uniform  la- 
hour,  we  have  taken  no  notice  cither  of  feais  of  extraordinary  strength^  or 
of  such  as  were  in  appearance  such,  while  in  reality  they  were  the  ef» 
feet  of  contrivance  and  skill,  and  might  have  been  pef  formed  by  almost 
any  men  who  had  sufficient  knowledge  of  the  subject  to  exert  their  strength 
under  similar  circumstances.  But  as  it  may  be  expected  that  some  notice 
should  be  taken  of  such  matters,  we  shall  throw  into  this  note  a  few  re- 
marks which  have  formerly  been  made  in  reference  to  them. 

M.  de  la  Hire,  in  an  Examination  of  the  Farce  of  Men,  given  in  the 
Memoirs  of  the  Academy  of  Sciences  for  1699,  says,  **  There  are  men 
whose  spirits  flow  so  abundantly  and  so  swiftly  into  their  muscles,  that 
they  exert  three  or  four  times  more  strength  than  others  do ;  and  this 
seems  to  me  to  be  the  natural  reason  of  the  surprising  strength  that  we 
see  in  some  men  who  carry  and  raise  weights  which  two  or  three  ordinary 
men  can  hardly  sustain,  though  these  men  be  sometimes  but  of  a  moderate 
stature,  and  rather  appear  weak  than  strong.  There  was  a  man  in  this 
country  a  little  while  ago,  who  would  carry  a  very  large  anvil,  and  of 
whom  were  reported  several  wonderful  feats  of  strength.  But  I  saw  an- 
other at  Venice,  who  was  but  a  lad^  and  did  not  seem  able  to  carry  above 
40  or  50  lbs.  with  all  possible  advantages  ;  yet  this  young  fellow,  standing 
upon  a  table,  raised  from  the  earth,  and  sustained  off  the  ground,  an  ass, 
by  means  of  a  broad  girt,  which,  going  under  the  creature's  belly,  was 
hung  upon  two  hooks  that  were  fastened  to  a  plat  of  small  cords  coming 
down  in  tresses  from  the  hair  nn  each  side  of  the  lad's  head,  which  were 
in  no  great  Quantity.  And  all  this  great  force  depended  only  upon  the  mus- 
cles of  the  shoulders  and  those  of  the  loins :  for  he  stooped  at  first  whilst 
the  hooks  were  fastened  to  the  girt,  and  then  raised  himself,  and  lifted  up 
the  ass  from  the  ground,  bearing  with  his  hands  upon  bis  ktiees.  He  raised 
also  in  the  same  manner  other  weights  that  seemed  heavier,  and  used  to 
m  he  did  with  more  ease,  because  the  ass  kicked  and  struggled  when  first 
lifted  from  the  ground.** 

Dr.  Desaguliers,  in  some  annotations  upon  De  la  Hirers  paper,  says, 
"  What  he  attributes  here  to  the  muscles  of  the  loins  was  really  per- 
formed by  the  extensors  of  the  legs ;  for  the  young  man's  stooping  with 
his  hands  upon  bjs  knees  was  not  with  his  body  forwards  and  his  knees 
stiff,  but  his  body  upright  and  his  knees  bent,  so  as  to  bring  the  two 
cords  With  which  he  lifted  to  be  in  the  same  plane  with  his  ancles  and 
the  heads  of  his  thigh  bones ;  by  which  means  the  line  of  direction  of 
the  man  and  the  whole  weight  came  between  the  strongest  part  of  his  two 
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70.  Among  quadrupeds  the  most  useful  as  a  first  mover  of 
machinery  is  the  horse.  The  strength  of  this  animal  is  pro- 
feet,  which  are  the  supports  :  then  as  he  extended  his  legs  he  raised  him- 
self, without  changi<ig  the  line  of  direction.  That  this  must  liave  been 
the  manner  I  am  pretty  well  assured  of,  by  not  only  observing  those  that 
perform  such  feats,  but  having  often  tried  it  myself.  As  for  the  muscles 
of  the  loins,  they  are  incapable  of  that  strain,  being  above  six  times  weaker 
than  the  extensors  of  the  legs ;  at  least  1  found  them  so  in  myself. 

"  About  the  year  171 6,  having  the  honour  of  shewing  a  great  many 
experiments  to  nis  late  majesty,  king  Greorge  the  first,  his  majesty  was 
desirous  to  know  whether  there  was  any  fallacy  in  those  feats  of  strength, 
that  had  been  shewn  half  a  year  before,  by  a  man,  who  seemed  by  his 
make  to  be  no  stronger  than  other  men :  upon  this  I  had  a  frame  of 
wood  made  to  stand  in  (and  to  rest  my  hands  upon)  and  with  a  girdle 
and  chain  lifted- an  iron  cylinder  made  use  of  to  roll  the  garden,  sustain- 
ing it  easily  when  once  it  wi^s  up.  Some  noblemen  and  gentlemen  who 
were  present  tried  the  experiment  afterwards,  and  lifted  the  roller ;  some 
with  more  ease,  and  some  with  more  difficulty,  than  I  had  done.  This 
roller  weighed  ipOOlbs.  as  the  gardener  told  us.  Afterwards  I  tried  to 
lift  300  lbs.  with  my  hands,  (viz.  two  pails  with  150  lbs.  of  quicksilver 
in  each),  which  I  did  indeed  raise  from  the  ground,  but  strained  my  back 
so  as  to  feel  it  three  or  four  days  :  which  shews  that,  in  the  same  person, 
the  muscles  of  the  loins  (which  exerted  their  force  in  this  last  experiment) 
are  more  than  six  times  weaker  than  the  extensors  of  the  legs  ;  for  I  felt 
no  inconveniency  from  raising  the  iron  roller." 

During  the  tune  occupied  in  printing  the  second  volume  of  Dr.  Desa- 
ftuliers's  Philosophy,  a  man  of  great  natural  strength  exhibited  himself  in 
London  :  of  this  man  the  doctor  gives  an  account,  from  which  the  follow- 
ing is  extracted  : 

"  Thomas  Topkam,  born  in  London,  and  now  about  31  years  of  age, 
five  feet  ten  inches  high,  with  muscles  very  hard  and  prominent,  was 
brought  up  a  carpenter,  which  trade  he  practised  till  within  these  six  or 
seven  years  that  he  has  shewed  feats  of  strength  :  but  he  is  entirely  igno- 
rant of  any  art  to  make  his  strength  more  surprising.  Nay,  sometimes  he 
does  things  which  become  more  difficult  by  his  disadvantageous  situation  ; 
attempting,  and  often  doing,  what  he  hears  other  strong  men  have  done^ 
without  making  use  of  the  same  advantages. 

''  About  six  years  ago  he  pulled  against  a  horse,  sitting  upon  th^ 
ground  with  his  feet  against  two  stumps  driven  into  the  ground,  but 
without  the  advantages  which  might  have  been  attained  by  placing  him- 
self in  a  proper  situation  ;  the  horse,  however,  was  not  able  to  move  him, 
and  he  thought  he  was  in  the  right  posture  for  drawing  against  a  horse  r 
but  when,  in  the  same  posture,  he  attempted  to  draw  against  two  horses, 
he  was  pulled  out  of  his  place  by  being  lifted  up,  and  had  one  of  bis 
knees  struck  against  the  stumps,  which  shattered  it  so,  that,  even  to  this 
day,  the  patella,  or  knee  pan,  is  so  loose,  that  the  ligaments  of  it  seem 
either  to  be  broken  or  quite  relaxed,  which  has  taken  away  most  of  the 
strength  of  that  leg.** 

The  exploits  which  Dr.  Desaguliers  saw  him  perform  were  these : 

"  1.  By  the  strength  of  his  fingers  (only  rubbed  in  coal  ashes  to  keet> 
them  from  slipping,)  he  rolled  up  a  very  strong  and  large  pewter  dish. 

''  2.  He  broke  seven  or  eight  short  and  strong  pieces  of  tobacoorpipa 
with  the  force  of  his  middle  finger,  having  laid  them  on  the  first  and  third 
finger. 
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baUy  about  six  times  that  of  a  man.     Desao^uliers  statse  the 
proportion  as  5  to  1 ;  coinciding  with  the  deductions  of  Smea<- 

**  3.  Having  thrust  in  under  his  garter  the  bowl  of  a  stronc;  tobacco- 
pipe,  his  legs  being  bent,  he  brolie  it  to  pieces  by  the  tendons  of  his  hams« 
without  altering  the  bending  of  his  leg. 

**  4.  He  broke  such  another  bowl  between  his  first  and  second  finger, 
by  pressing  his  fingers  together  sideways. 

*'  5.  He  lifted  a  table  six  feet  long,  which  had  half  a  hundred  weight 
hinging  at  the  end  of  it,  with  his  teeth,  and  held  it  in  an  horizontal 
position  for  a  considerable  time.  It  is  true  the  feet  of  the  table  rested 
against  his  knees  ;  but,  as  the  length  of  the  table  was  much  greater  than  its 
Jieight,  that  performance  required  a  great  strength  to  be  exerted  by  the 
nuscles  of  his  loins,  those  of  his  neck,  the  masseler  and  temporal  (muscles 
of  the  jaws),  besides  a  good  set  of  teeth. 

*'  6.  He  took  an  iron  kitchen  poker,  about  a  yard  long,  and  three  inches 
in  circumference,  and,  holding  it  in  his  right  hand,  he  struck  upon  his  bare 
left  arm,  between  the  elbow  and  the  wrist,  till  he  bent  the  poker  nearly  to 
a  right  angle. 

"  7.  He  took  such  another  poker,  and  holding  the  ends  of  it  in  his 
hands,  and  the  middle  against  the  back  of  his  neck,  he  brought  both  ends 
•fit  together  before  him ;  and,  what  was  vet  more  difficult,  he  pulled  it 
almost  straight  again:  because  the  muscles  which  separate  the  arms 
horizontally  from  each  other  are  not  so  strong  as  those  that  bring  them  to- 
gether. 

"  8.  He  broke  a  rope  of  about  two  inches  in  circumference,  which  was 
in  part  wound  about  a  cylinder  of  four  inches  diameter,  having  fastened 
the  other  end  of  it  to  straps  that  went  over  his  shoulders.  But  he  exerted 
more  force  to  do  this  than  any  other  of  his  feats,  from  his  awkwardness  in 
going  about  it ;  for  the  rope  yielded  and  stretched  as  he  stood  upon  the  cy- 
linder, 30  that  when  the  extensors  of  the  legs  and  thighs  had  done  their 
office  in  bringing  his  legs  and  thighs  straight,  he  was  forced  to  raise  his 
heels  from  their  oeartngs,  and  use  other  muscles  that  are  weaker.  But  if 
the  rope  had  been  so  fixed  that  the  part  to  be  broken  had  been  short,  it 
ivonld  have  been  broken  with  four  times  less  difhculty. 

"  Q.  I  have  seen  him  life  a  rolling  stone  of  about  800  lbs.  with  his  hands 
only,  standing  in  a  l^ame  above  it,  and  taking  hold  of  a  chain  that  was 
fastened  to  it.  By  this,  I  reckon  he  may  be  almost  as  strong  again  as  those 
who  are  generally  reckoned  the  strongest  men,  they  generally  lifting 
no  more  than  400  lbs.  in  that  manner.  The  weakest  men  who  are  in 
health,  and  not  too  fat,  lift  about  lib  lbs.  having  about  half  the  strength  of 
l^t  strongest. 

'*  N.B.  This  sort  of  comp9ri8on  is  chiefly  in  relation  to  the  muscles  of 
the  loins ;  because  in  doing  this  one  must  stoop  forwards  a  little.  We 
must  also  add  the  weight  of  the  bodv  to  the  weight  lifted.  So  that  if  the 
weakest  man's  body  weigh  150  lbs.  that  added  to  125  lbs.  makes  the  whole 
weight  lifted  by  him  to  be  275  lbs.  Then  if  the  stronger  man*$  body 
weighs  also  150  lbs.  the  whole  weight  lifted  by  him  will  be  550  lbs.  that  is 
400  lbs.  and  the  150  lbs.  which  his  body  weighs.  Topham  weighs  about 
1^00  lbs.  which,  added  to  the  800  lbs.  that  he  lifts,  makes  1000  lbs.  But 
he  ought  to  lift  9OO  lbs.  besides  the  weight  of  his  body,  to  be  as  strong  again 
ai  a  man  of  150  lbs.  weight  who  can  lift  400  lbs." 

Again  :  **  About  thirty  years  ago  one  Joyce,  a  Kentish  man,  famous 
(or  his  gr^t  strength,  shewed  several  feats  in  London  and  the  country, 
f^bich  so  much  surprised  the  spectators,  that  he  was  by  most  peopje 
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ton,  before  mentioned.  The  French  authors  commonly  reckon 
7  men  for  1  horse.  As  a  mean  between  these,  we  took,  in 
art.  378.  vol.  I.  the  proportion  of  6  to  1,  and  stated  the  strength 
of  a  horse  as  equivalent  to  420  lbs.  at  a  dead  pull.  But  the 
proportion  is  by  no  means  constant,  for  it  varies  greatly  accord- 
ing to  the  different  kinds  of  work.  Thus  the  worst  way  of  ap- 
plying the  strength  of  a  horse  is  to  make  him  carry  a  weight  up 

called  the  second  Sampson.  But  though  th«  postures  which  he  had  learnt 
to  put  his  body  into,  and  found  out  by  practice  without  any  mechanical 
theory,  were  such  as  would  make  a  man  of  common  strength  do  such 
feats  as  would  appear  surprising  to  every  one  who  did  not  know  the 
advantage  of  those  positions  of  the  body }  yet  nobody  then  attempted  to 
draw  against  horses,  or  raise  great  weights,  or  to  do  any  other  thing  in 
irmitation  of  him:  because,  as  he  was  very  strong  in  the  arms,  and 
grasped  those  that  tried  his  strength  that  way  so  nard  that  they  were 
obliged  immediately  to  desire  him  to  desist,  his  other  feats  (wherein  hi$ 
manner  of  acting  was  chiefly  owing  to  the  mechanical  advantage  gained 
by  the  position  of  his  body,)  were  entirely  attributed  to  his  extraordinary 
strength. 

**  But  when  he  had  been  gone  out  of  England,  or  had  ceased  to  shew 
his  performances  for  eight  or  ten  years,  men  of  ordinary  strength  found  out 
the  way  of  mlaking  such  advantage  of  the  same  postures  as  Joyce  had  put 
himself  into  as  to  pass  for  men  of  more  than  common  strength,  by  drawing 
against  horses,  breaking  ropes,  lifting  vast  weights,  &c.  (though  they  couU 
in  none  of  the  postures  really  perform  so  much  as  Joyce,  yet  they  di( 
enough  to  amaze  and  amuse,  and  get  a  great  deal  of  money),  so  that  ever^ 
two  or  three  years  we  had  a  new  second  Sampson. 

**  About  fifteen  years  ago  a  German  of  middle  size,  and  but  ordinaijr 
strength,  shewed  himself  at  the  Blue  Posts,  in  the  Haymarket,  and,  by  the 
contrivances  above-mentioned,  passed  for  a  man  of  uncommon  strength, 
and  got  considerable  sums  of  money  by  the  daily  concourse  of  spectators* 
After  having  seen  him  once,  I  guessed  at  his  manner  of  imposing  upon 
the  multitude ;  and  being  resolved  to  be  fully  satisfied  in  the  matter,  I 
took  four  very  curious  persons  with  me  to  see  him  again,  viz.  the  lord  mar- 
quis of  TuUibardin,  Dr.  Alexander  Stuart,  Dr.  Pringle,  and  a  mechanical 
workman  who  used  to  assist  me  in  my  courses  of  experiments.  We  placed 
ourselves  in  such  manner  round  the  operator,  as  to  be  "able  to  observe 
nicely  all  that  he  did  )  and  found  it  so  practicable,  that  we  performed  se- 
veral of  his  feats  that  evening  by  ourselves,  and  afterwards  I  did  the  meet 
of  the  rest,  as  I  had  a  frame  to  sit  in  to  draw,  and  another  to  stand  in  and 
lift  great  weights,  together  with  a  proper  girdle  and  hooks.  I  likewise 
shewed  some  of  the  experiments  before  the  Royal  Society  ;  and  ever  since 
at  my  experimental  lectures  I  explain  the  reason  of  such  performances,  and 
take  any  person  of  ordinary  strength  that  has  a  mind  to  try,  who  can  easily 
do  all  that  the  German  above-mentioned  used  to  do,  without  any  danger 
of  extraordinary  straining,  by  making  use  of  my  apparatus  for  thjE^t  pur* 
pose." 

The  Doctor  then  proceeds  to  explain  the  principles  on  which  these 
achievements  depended,  and  illustrates  his  positions  by  various  diagrams. 
He  likewise  describes  some  contrivances  to  determine  the  strength  which 
men  exert  in  different  ways;  for  an  account  of  the  chief  of  which,  the 
reader  may  turn  to  the  article  Steelyard,  to  ascertain  the  Strength  of 
M^n,  in  a  subsequent  part  of  this  volume.  •     '" 
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a  steep  hill ;  ivhile  the  organization  of  a  man  fits  him  very  well 
for  this  kind  of  labour :  hence,  three  men  climbing  up  such  a 
hill  with  a  weight  of  100  ibs.  each,  will  proceed  faster  than  a 
horse  with  a  load  of  300  lbs.  This,  we  believe,  was  first  ob- 
served by  M.  de  la  Hire. 

M.  Schulze,  in  a  paper  inserted  in  the  Memoirs  of  the  Berlin 
Academy  for  178S,  has  described  a  series  of  experiments  insti- 
tuted for  the  purpose  of  determining  whether  in  estimating 

animal  power,  the  formula  f  =  f  (1  —  —  V  =  9  (  "^y    [^^^ 

377.  vol.  I.]  or  F  =  ^  (1  —  — ,)  should  be  used;  and  proves 

clearly  that  the  former  deserves  the  preference.  He  assigns  the 
mean  value  of  human  strength  as  equivalent  to  29  or  30  pounds, 
with  a  velocity  of  2|  feet  per  second.  But  he  estimates  the 
entire  effect  of  a  horse  exerting  himself  horizontally,  2ls  fourteen 
times  that  of  a  man.     This,  we  apprehend,  is  far  too  high. 

We  are  not  acquainted  with  any  series  of  experiments  which 
have  been  made  with  a  view  of  determining  the  weights  horses 
can  carry  when  moving  up  sloping  roads,  making  given  angles 
with  the  horizon :  but,  fortunately,  this  deficiency  is  not  of 
much  consequence,  because  the  earrying  o^  weights  is  far  from 
the  best  manner  of  employing  the  strength  of  a  horse.  It  is 
known,  however,  that,  in  general,  a  horse  loaded  with  a  man  and 
his  equipage,  weighing  altogether  about  2  cwt.  may,  without 
being  forced,  travel,  in  7  or  8  hours,  the  distance  of  43000 
yards,  or  nearly  25  miles,  upon  a  good  road.  When  a  horse 
travels  day  after  day  without  cessation,  either  the  weight  he 
carries  or  the  distance  passed  over  must  undergo  some  diminu- 
tion, as  well  as  the  time  actually  employed  in  traveUing :  but  we 
do  not  pretend  to  assign  a  mean  value  in  this  place. 

71.  in  the  Memoirs  of  the  French  Academy  for  1703,  are 
inserted  the  comparative  observations  of  M .  Amontons,  on  the 
velocity  of  men  and  of  horses ;  in  which  he  states  the  velocity 
of  a  horse  loaded  with  a  man  and  walking  to  be  rather  more 
dian  5\  feet  per  second,  or  3^  mile's  per  hour,  and  when  going 
a  moderate  trot  with  the  same  weight  to  be  about  8  J  feet  per 
second,  or  about  6  miles  per  hour.  These  velocities,  however, 
are  somewhat  less  than  what  might  have  been  taken  for  the  mean 
velocities. 

72.  But  the  best  way  of  applying  the  strength  of  horses  is  to 
make  them  draw  weights  in  carriages,  &c«  To  this  kind  of 
labour,  therefore,  the  enquiries  of  experimentalists  should  be 
du-ected.  A  horse  put  into  harness  and  making  an  effort  to 
draw  bends  himself  forward,  inclines  his  legs,  and  brings  his 
breast  nearer  to  the  earth ;  and  this  so  much  the  more  as  the 
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effort  is  the  more  considerable.  So  that  when  a  horse  is  ein-^ 
ployed  in  drawing,  his  effort  will  depend,  in  some  measure,  both 
upon  his  own  weight  and  that  whic4i  he  carries  on  his  back. 

Indeed  it  is  highly  useful  to,  load  the  back  of  a  drawing  horse 
to  a  certain  extent ;  though  this,  on  a  slight  consideration,  might 
be  thought  to  augment  unnecessarily  the  fatigue  of  the  animal : 
but  it  must  be  cousidered  that  the  mass  with  which  the  horse  is 
charged  vertically  is  added  in  part  to  the  effort  which  he  makes 
in  the  direction  of  traction,  and  thus  dispenses  with  the  neces- 
sity of  his  inclining  so  much  forward  as  he  must  otherwise  do; 
and  may,  therefore,  under  this  point  of  view,  relieve  the  draught 
more  than  to  compensate  for  the  additional  fatigue  occasioned 
by  tjie  vertical  pressure.  Carmen,  and  waggoners  in  general^ 
are  well  aware  of  this,  and  are  commonly  very  careful  to  dis- 
pose of  the  load  in  such  a  manner  that  the  shafts  shall, throw  a 
due  proportion  of  the  weight  on  the  back  of  the  shaft  horse. 

7i:J.  The  best  disposition  of  the  traces  during  the  time  ahorse 
is  drawing  is  to  be  perpendicular  to  the  position  of  the  collar 
upon  his  breast  and  shoulders:  when  the  horse  stands  at  ease^ 
this  position  of  the  traces  is  rather  inclined  upwards  firopi  thia 
direction  of  the  road ;  but  when  he  leans  forward  tQ  draw  the 
load,  the  traces  should  then  become  pearly  parallel  to  the  plane 
over  which  the  carriage  is  to  be  drawn;  or,  if  he  be  employed  in 
drawing  a  sledge,  or  any  thing  without  wheels,  the  inclination  of 
the  traces  to  the  road,  supposing  it  to  be  horizontal,  should 
(from  what  we  observed  when  treating  of  friction)  be  about  18  J**. 

74.  From  the  preceding  observations  it  will  be  easy  in  most 
cases  to  adapt  the  size  of  the  wheels  to  that  of  the  animal  which 
is  to  draw  in  the  shafts,  so  that  when  he  leans  forward  to  bi$ 
work  the  traces  may  be  nearly  parallel  to  the  road,  whether 
tliat  road  be  horizontal  or  not:  always  r'tJcoUecting  that,  if  there 
be  any  variation  from  the  parallel  position,  it  must  be  rather  in- 
clining upwards  than  downwards  ;  as  the  former  will  somewhat 
diminish  the  friction,  while  the  latter,  instead  of  raising  the 
wheels  from  any  hollow  into  which  they  may  fall,  will  tend  tQ 
draw  them  down  lower,  and  much  increase  the  labour  of  the 
9nip[ia.l. 

75.  When  several  horses  are  harnessed  one  before  another,  sa 
that  they  may  all  draw  at  the  same  load,  and  the  slope  on  which 
they  are  drawing  changes,  as  from  da  to  ab  (fig.  6.  pi.  I.)  the  effort 
of  the  horse  which  draws  along  the  road  ab  is  decomposed  into 
two  parts,  of  which  one  tends  to  pull  up  the  load,  the  other  to 
pull  down  the  horse  which  is  in  the  shafts  and  is  drawing  along 
the  slope  da.  This  latter  composant  is  always  greater  as  the 
traces  of  tlie  foremost  horse- are  the  longer;  and  it  may  be 
woith  while  to  find  its  values^  and  its  augmentation  with  rega|r4 
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\o  ftn  tbcrease  in  the  length  of  the  traces.  To  this  end  let  ba^ 
be  die  height  above  ad  of  the  breast  of  the  horse  which  draws 
in  the  shafts  near  the  point  a,  and  let  ER  and  er^  be  two 
different  lengths  of  the  traces ;  the  breast  of  the  horse  when 
harnessed  to  either  of  these  traces  being  at  the  same  distance 
from  the  plane  ab^^  that  is^  br=bV=ea^  Take  ef=:ef^  to 
represent  tiie  effort  of.  the  horse  in  the  direction  of  the  trace ; 
draw  E^  parallel  to  da,  £q  perpendicular  to  ba  produced^  E^ 
parallel  to  ab,  and  vq^  fV,  perpendicular  to  ej.  The  effort 
which  tends  to  pull  the  horse  down  whose  breast  is  at  £  is 
represented  by  f^^  when  the  breast  of  the  other  horse  is  at  r, 
ami  by  f'^'  when  it  is  at  r';  and  qn,  q^E  are  the  corresponding 
efforts  tending  to  raise  the  load  along  the  slope  da.  Make 
EA'=:BB=RB'=a,  £R=:X^  er'=:X',  angle  a'eq  =  y  Eg  =  sup- 
plem.  DAB=s,  and  £f=£f'=^.  Then,  when  the  trace  er  w 
used,  the  effort  whichtends  to  pull  down  the  shaft  horse  when 
he  just  reaches  the  summit  of  the  slope  will  be  =^*sin$'EF=f  sin 
(^Eg  —  FE^),  and  the  effort  tending  to.  raise  the  load  will  be 
=^cos  (^Eg  —  FBg).  In  like  manner,  when  the  foremost  horse 
draws  by  the  trace  sr',  the  effort  tending  to  pull  down  the 
shaft  horse  will  be  represented  by  f  sin  {qEgf—  F^Eg'),  and  that 
which  tends  to  draw  up  the  carriage  by  f  cos  (^Eg'— F'Eg'). 

Now  we  have  sin  F^Eg:=L—,  and  sin  FEg=  -^^  — ,•    But 

Rg  =  BR  — EQ=a— fl  cos  5  =  fl  (1—  cos  s).  Recollecting, 
therefore,  that  the  angles  FEg,  F^Eg,  are  always  so  small  that 
the  arcs  differ  very  little   from  the  sines,  we  have  FEg  = 

— ^^^'\  and  F'Eg'=  -go8<;.  these  values  being  substituted 
in  the  preceding  expression^,  give 

(1)  ...  Fyss^sm^s i 'U 

//*\  /   /       -    •      /  a(l  — C08  5)\ 

(2)  . . .  fY =?  sm  {^s  -  ■^, — ^'). 

/o\                     ^          /         a(l— cosa)\ 
(8)  .  .  .  Ejr  =  p  COS  \$ ^ — jj i-^. 

(4) .  .  .  E}'=  (f  COS  {^S ^-jjT ')• 

Suppose,^  for  example,  that  ab  is  horizontal,  and  that  the 
^ent  DA  is  such  that  for  every  6  feet,  as  CN  in  a  horizontal 
plane,  the  vertical  rise  na  shall  be  one  foot:  this  slope  is  too 
steep  for  any  common  road,  but  may  be  sometimes  met  with  in 
ascents  from  stone  quarries,  &c.  in  this  case  the  angle  s  will 
be  nearly  9*  28',  which,  expressed  in  decimal  parts  of  the 
radius,  gives  5=:0'i6522,  and  cos  5=0'98638.     Let  the  effort 
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f  :=:200lb.,  usSl  feet,  X—6 ket,  mihf=il2  feet   Thed  rfiaK 
we  have, 

=200  sin  9*  T  29''=:31-7l6lbs 

(2)...Fy=200«n(0-16522-i:^?^) 

=200  sin  9*14'29"=32-25lb8. 
(S) . . .  Ey  =200  cos  9* 7'  29" = l77-47lbs. 
(4)j.  • .  Ej' =200  cos  9'  14'  29*=  197-404lbi8- 

Hence  it  appears,  that  tjbe  horse  whose  breast  is  at  £  is  puUej 
downwards  by  the  other  horse,  with  a  force  equivalent  to  about 
3£lb3:  this  >veight  is  tmall  for  a  horse  that  is  not  fatigued;  bat; 
we  should  consider,  that  when  drawing  up  a  steep  roa4.tlie 
animal's  strength  is  much  weakened,  so  that  it  may  be  obliged 
to  yield  to  a  very  small  effort.  A  lengthening  of  four  feel, 
tp  ai  trace  of  eight  feet  will  produce  an  augmentaticm  of 
^2'2j^-31*7l6=0-534lbs.  in  the  effort  which  tends  to  pull 
ijheithaft  horse  down,  and  a  diminution  of  197*47— 197*404=3 
0*066  lbs.  in  the  effort  which  raises  the  load  up  the  hill.  Thepe 
quantities  are  not  considerable;  but  it  appeared  desirable  ta 
explain  the  method  of  ascertaining  their  magnitude.  And  i% 
may  be  added,  that  when  a  horse  pulls  for  only  a  short  time,  at 
a  few  minutes,  he  will  often  exert  a  force  equivalent  to  500  or 
600lbs.:  in  which  ci^e,,  tb^  tendency  to  pull  down  a  shaft  horse 
rising  a  hill  would  be  thrice  as  much  as  we  have  stated  it  above: 
a  force  against  which  no  horse  could  stand  in  such  a  disadvanta- 
geous  position. 

76.  When  a  horse  is  made  to  move  in  a  circular  path,  as  is 
often  practised  in  mills  and  other  machines  moved  by  horses,  it 
will  be  necessary  to  give  the  circle  which  the  animal  has  to 
walk  round  tho.  greatest  diameter  that  will  comport  with  the 
local  and  other  conditions  to  which  the  motion  must  be  sub- 
jected. It  is  obvious,  indeed,  that,  since  a  rectilinear  motion  is 
the  most  easy  for  the  horse,  the  less  the  line  in  which  he  moves  is 
curved,  with  the  greater  facility  he  vtritl  walk  over  it,  and  the  lest 
he  need  recline  froni  a  vertical  position :  and  besides  this,  with 
equal  velocity  the  centrifugal  force  will  be  less  in  the  greatest 
circle,  which  will  proportionally  diminish  the  friction  of  the 
cylindrical  part  of  the  trunnions,  and  the  labour  of  moving  the 
machine.  And,  further,  the  greater  the  diameter  of  the  horse- 
walk,  the  nearer  the  chord  of  the  circle  in  which  the  horse  draws 
if'  (b  coincidence  with  the  tangent,  which  is  the  most  advantageous, 
position  of  the  line  of  traction.  On  these  accounts  it  b  that,, 
although  a  horse  may  draw  in  a  circular  walk  of  18  feet 
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fliatneter,  yet  in  general  it  is  adviseable  that  the  diameter  of 
such  a  walk  should  not  be  less  than  25  or  30  feet;  and  in  many 
instances  40  feet  v^ould  be  preferable  to  either. 

77.  It  has  been  stated  by  Desagiiliera  (vol.  I.  p.  251.)  and 
some  others,  that  a  horse  employed  daily  in  drawing  nearly 
horizontally  can  move^  during  eight  hours  in  the  day^  about! 
200lb8.  at  the  rate  of  2^  miles  per  hour,  or  3^  feet  per  second.. 
If  the  weight  be  augmented  to  about  240  or  250lbs.,  the  horse 
cannot  work  more  than  six  hours  a  day^  and  that  with  a  less 
velocity.     And,  in  both  cases,  if  he  carry  some  weight,  he  will 
draw  better  than  if  he  carried  none  (art.  72).    M.  Sauveuc 
estimates  the  mean  effort  of  a  Horse  at  175  French,  or  1^9 
aiVerd.  pounds,  with  a  velocity  of  rather  more  than  three  feet. 
pdr  second:  and  this  agrees  very  nearly  with  our  deduction  in 
art<  378.  vol.  I.     But  all  these  are  probably  too  high  to  be 
continued  for  eight  hours,  day  after  day;  for  in  our  investigation 
just  referred  to  we  assumed  10  feet  per  second,  as  the  utmost 
walking  velocity  of  a  horse;  a  velocity  which  we  conceive  no 
horse  would  be  able  to  continue  long.     In  another  place 
Desaguliers  states  the  mean  work  of  a  horse  as  equivalent  to 
4ie  raising  a  hogshead  full  of  water  (or  550lbs.)  50  feet  high  in 
amtitate.    But  Mr.  Smeaton,  to  whose  authority  much  is  due^ 
aflserts,  irom  a  number  of  experiments,  that  the  greatest  effect  is 
the. raising  550 lbs.  forty  feet  high  in  a  minute.     And,  from 
some  experiments  made  by  the  Society  for  the  Encouragement 
of  ArtH,  under  the  direction  of  their  late  able  secretary,  Mr* 
Samuel  Moore,  it  was  concluded,  that  a  horse  moving  at  the 
late  of  three  miles  an  hour  can  exert  a  force  of  dOlbs.  Unluckily, 
we  are  not  sufficiently  acquainted  with  the  nature  of  the  ex- 
periments and  observations  from  which  these  deductions  were 
made,  to  institute  an   accurate   comparison  of  their  results. 
Neither  of  them  ought  to  express  what  a  horse  can  draw  upon 
a  carriage ;  because  in  that  case  friction  only  is  to  be  overcome 
(after  the  load  is  onbe  put  into  motion);  so  that  a  middling 
horse,  well  applied  to  a  cart,  will  often  draw  much  more  than 
1000  lbs.     The  proper  estimate  would  be  that  which  measures 
the  weight  that  a  horse  would  draw  up  out  of  a  well;  the 
animal  acting  by  a  horizontal  line  of  traction  turned  into  the 
vertical  direction  by  a  simple  pulley,  or  roller,  whose  friction 
should  be  reduced  as  much  as  possible.     It  would,  indeed,  be 
far  the  best,  in  all  the  instances  of  experiments,  to  use  no  such 
combinations  of  machinery  as  would  make  the  velocity  of  the 
load  or  weight  different  from  that  of  the  animal :  we  could  then 
readily  compare  the  different  results  by  means  of  the  expression 

M  a  (^w  —  v)*,  or  M  a  (w  —  v)*^  (art.  378.  vol.  I.),  where  v  repre- 
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sents  the  velocity  in  feet  per  second  with  which  the  animal, 
moves  the  mass  M^  and  w  his  greatest  walking  v^locity^  or  that 
in  which  he  can  move  no  wdght  but  his  own.  Thus  might  we 
obtain  a  mean  estimate  of  the  animal's  strength  at  any  one 
velocity^  and  could  thence  infer  his  maximum  of  useful  effort ; 
namely;  that  when  v  is  nearly  j-w.  As  to  the  absolute  power 
of  the  animal;  it  might  be  inferred  in  any  case  of  raising  a 
weight  with  his  own  velocity,  by  means  of  the  formula  f:=x 
(m  +  h)  y+Mgt,  where  m  and  V  are  as  before,  h  the  weight  of 
the  horsC;  f  its  power^  g=:d2|  feet  die  measure  of  the  force  of 
gravity,  and  t  the  time  in  seconds  during  which  the  animal 
continues  his  uniform  exertion. 

78.  It  follows,  from  what  has  been  said,  and  from  the  consi- 
deration of  the  strengths  of  horses  variously  employed,  such  as 
vVaggon  horses,  dray  horses,  plough  horses,  heavy  horses,  light 
coach  horses,  &c.  that  what  is  called  "  horse  power/'  is  of  so 
ftuctuating  and  indefinite  a  nature,  that  it  is  perfectly  ridiculous 
to  assume  it  as  a  common  measure,  by  which  tbe  force  of 
steam-engines  and  other  machines  should  be  appreciated.  In 
itiost  of  the  deductions  which  have  been  hitherto  made  we 
apprehend  there  may  be  something  of  temporary  effort:  and  we 
thmk,  on  the  whole,  that  about  70lbs.,  at  three  miles  an  hour, 
or  4t  feet  per  second^  may  be  a  fair  estimate  for  the  regular 
work  of  stout  London  cart  horses;  though  we,  would  infer^ 
with  Mr.  Nicholson,  "  that  the  animal  can  double  his  strength; 
for  a  short  time,  such  as  ten  minutes^  without  receiving  any  in», 
jury  from  the  exertion.** 


DESCRIPTIONS 
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ALPaA3STICALLY  ARRANGED. 


AiR-puM]P  is  a  machUie  by  means  of  yi^hich  the  air  ipay  be  ex» 
busted  out  of  proper  vessel?;  so  as  to  make  what  is  popularly 
called  Tkvacuum,  but  which  is,  infant,  only  a  very  high  degree  of 
rarefaction. 

The  invention  of  this  noble  instrument,  to  which  the  present 
age  is  indebted  for  so  many  admirable  discoveries,  is  ascnbed  to 
Otto  de  Guericke,  a  consul  of  Magdeburg,  who  exhibited  his 
first  public  experiments  with  his  pump  before  the  emperor  and 
the  states  of  Germany  at  the  breaking  up  of  the  imperial  diet  at 
Ratisbon,  in  the  year  1654.  Guericke,  indifferent  about  the 
solitary  possession  of  ap  invention  which  afforded  such  enter- 
tainment to  the  numerous  persons  who,  from  time  to  time, 
witnessed  his  experiments,  gave  a  minute  description  of  all  his 
pneumatic  apparatus  to  Gasper  Schottus,  professor  of  mathe- 
matics at  Wirtemberg,  who  published  it,  with  the  consent  of 
the  inventor,  with  an  account  of  some  of  jits  performances,  first 
|n  1657,  in  his  Mechankn  Hj/draulicO'pneu7natica ;  and  then, 
m  1664,  m  his  Technica  Curiosa*  Guenckp'9  own  account  was 
not  published  till  1672. 

.  About  the  tipie  of  Guericke's  invention  the  foundations  of 
tne  Royal  Society  of  London  were  laid.  Boyle,  Wren,  Brounker, 
"allis,  and  other  learned  men,  held  frequent  meetings  at  Ox- 
ford, in  which  accounts  were  received  and  related  of  all  im- 
portant advances  in  the  study  of  nature ;  and  many  experiments 
^cre  exhibited.  The  researches  of  Galileo,  Torricelli,  and 
Pascal,  concern'mg  the  pressure  of  the  air,  had  greatly  engaged 
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their  attention^  and  thus  prepared  them  for  the  invention  of 
Guericke.  Mr.  Boyle,  in  particular,  as  soon  as  be  heard  what 
had  been  accomplished  by  the  philosopher  of  Magdeburg,  and 
before  any  description  of  his  machine  had  been  published,  set 
about  the  construction  of  one,  to  answer  the  same  purposes; 
and  succeeded  in  the  attempt :  though  he  frankly  acknowledges 
tliat  it  was  but  seldom,  and  with  great  difficulty,  that  he  could 
produce  an  extreme  degree  of  rarefaction ;  such  as  it  appeared, 
from  the  account  of  Schottus,  was  obtained  by  means  of 
Guericke's  machine. 

Boyle'^  instrument  was  somewhat  improved  by  Hawksbee, 
and  further  by  Martin ;  with  some  slight  modifications  to  parti- 
cular views,  it  still  remains  the  most  approved  form.  The  air- 
pump  we  described  in  art.  521.  vol.  I.  is  only  so  far  varied  from 
Hawksbee's  improvement  of  Boyle's  original  contrivance,  as  to 
f"  render  it  more  portable.  The  machine,  in  its  primitive  state, 
is  described  in  the  article  Pneumatics,  English  jklncyclopadiaji 
where,  also,  the  successive  improvemenits  of  Smeaton,  Cuth- 
bertson,  &c.  are  described  at  large.    See  also  the  Panto* 

LOGIA.  ' 

Many  other  ingenious  attempts  have  been  made,  durii^  the 
last  ten  or  twelve  years,  to  improve  the  mechanism  of  the  aiij 
pump;  to  describe  a  fourth  part  of  which  would  ektend  H^ 
article  to  more  than  its  due  length.  Justice,  however,  to  the 
authors  of  th^se  improvements,  as  well  as  a  desire  to  gratiy 
the  reader,  induces  us  to '  refer  to  Nicholson's  Journal,  vols.  1. 
and  II.  4  to.  for  descriptions  of  the  air-pumps  invebted  by  Messrs* 
Prince,  Sadler,  Little,  Sir  G.  Mackenzie,  &c.  and  to  Mr.  Vince'^ 
Hydrostatics  for  an  account  of  the  pump  used  by  that  gentlet^ 
man  in  his  lectures;  .  -. 

Notwithstanding  the  many  improvements  which  have  suc- 
cessively followed  each  other  in  the  constructioh  of  the  ai^-i 
pump,  it  was  still,  however,  desirable  that  it  should  be  fardier 
simplified  in  its  mechanism,  while  it  possessed  the  same  act- 
vantages  as  atteiided  those  of  more  complicated  structure. 
Cullibertson,  Haa%,  and  some  others,  have  so  contrived  their 
instruments,  that  their  bechanical  power,  and  not  the  ))ressur0 
6{  air,  should  open  the  Valves:  but,  although  the  air-pumps  iii^ 
vented  by  these  gentlemen  are  exceedingly  ingenious,  they  are 
in  some  resplects  so  complex,  that  it  must  be  very  difficult  for 
many  persons  who  possess  these  instrunients  to  clean  them^  ot 
to  keep  then>in  proper  order  for  experiments. 

Mr.  N.  Mendelsohn,  a  mathematical  instrument-maker,  of 
Surrey-street,  Black- friars,  having  reflected  upon  the  diffi<)ul- 
ties  just  alluded  to,  was  led  to  the  construction  of  a  moi^ 
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rimple  air-pumpi  ^ch  is  capable  of  bting  put  together  in  less 
than  half  an  hour^  whenever  it  is  cleaned/ and  requires  that 
operation  retj  seldom.  He  has  rejected  the  tube  which^  in 
common  air-pumps^  leads  from  the  valves  to  tfie  receiver^  toge- 
Aer  widi  the  cock  that  serves  to  shut  this  pipe :  the  receiver  b 
jdaced  immediately  upon  the  valves,  these  being  put  on  the  top 
of  the  cylinders,  which,  consequently,  required  the  rackwork 
and  pinion  being  underneath,  and  inverted  the  whote  instru- 
ment. See  the  drawing,  pi.  IV.  where  ab  and  cd  represent 
the  two  cylinders  of  glass  ground  and  polished  inside,  e  and  f 
are  the  two  valves  that  allow  the  cylinders  to  communicate  with 
the  receiver  o  through  two  very  short  canals  ab  and  cd  (fi^,  2. 
plate  IV.)  and  the  cock  6.  Two  other  valves  that  open  mto 
the  atmosphere  are  within  the  covers  t  and  k,  as  may  be  seen  in 
ff.  1,  where  e  represents  one  of  them,  mn  is  the  receiver- 
plate  of  glass  ground  ilat;  pq  a  barometer-gauge,  upon  th^j 
plan  of  the  first  Torricellian  tube,  as  the  easiest  to  construct 
and  the  most  infallible  in  its  efiects.  It  will  be  found  to  be 
here  quite  out  of  the  way,  secure  from  being  broken  by  accident, 
and  the  most  in  sight,  hk  and  il  are  two  brass  pillars  that 
sopport  the  whole,  .bsvw  the  usual  rackwcTrk,  having  a  double 
wimh  Im,  which^  upon  trials  virill  be  found  preferable  to  a  single 
one. 

It  will  now  be  necessary  to  show  how  this  pump  acts^  in 
which  it  will  be  sufficient  to  explam  ^e  action  of  one  cylinder, 
because  the  other  is  m  all  parts  like  it.  e  is  a  conical  metallic 
"nite,  from  which  a  canal  goes  through  the  cock  6  up  to  the 
receiver,  s»  is  seen  in  fig.  1  and  2,  where  all  the  pluts  are 
umrked  vrith  die  same  letters,  et  is  a  steel  rod  going  through 
ft  leather  box  in  the  piston  u.  The  top  of  this  rod  is  fixed  to 
*  Ifae  valve  £,  and  its  bottom  part  slides  in  a  small  hole  with  an 
ftBowance  of  0*1  inch  up  and  downwardi  consequently  the  valve 
I  can  move  no  further.  When  the  piston  descends,  it  first 
^petethe  valve  by  pushing  the  rod  to  the  bottom  of  the  hole. 
xliea  it  slides  down  along  the  rod  ET,  and  the  air  firona  the 
rticeiver  has  now  free  access  to  the  cylinder.  When  the  piston 
returns  it  Bft#^  the  rod  et,  and  dius  shuts  up  the  valve.  Then 
the  piston  sHdeq  again  along  Ae  rod  up  to  the  top  of  the  cylin- 
der, (Hmdensing  the  air  above  it,  which  air,  by  the  least  con- 
deMAaD^  opens  a  valve  e,  fig.  2,  and  escapes  freely  into  the 
atmosphere.  This  last  valve  has  neither  spring  nor  additional 
w^ts^t  fo  shut  it,  but  shuts  by  its  own  weight  (about  a  quarter 
of  m  ounce)  as  soovi  the  piston  is  arrived  at  the  top  of  me  cy- 

^TBie  cyUnders  arc  made  of  glass,  and  the  pistons  of  tin,  so  well 
Jin^as  to  be  air-tight,  without  theinterposition  of  any  leathers. 
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The  friction  of  these  two  bodies  is  small  beyond  expectation, 
a  sufficient  proof  that  they  will  be  durable.  Hiey  possess' the 
further  advantage  of  bein^  capable  of  standing  for  even  six 
months,  after  which  time  they  will  serve  without  being  cleaned 
or  repaired,  because  they  are  not  liable  to  be  corroded  by  the 
oil  which  they  contain,  an  inconvenience  too  general  in  brass 
cylinders.  After  all,  if  the  present  pump  should  want  cleaning, 
it  is  an  easy  operation  to  take  off  the  top  piece  ghy  by  unscrew- 
ing the  nuts  h  and  i,  when  this  piece,  with  all  the  apparatite 
upon  it,  will  come  off.  Then  each  cylinder  may  very  easily  be 
slid  off  from  the  piston,  wiped  out  and  replaced,  after  having 
greased  it  inside  with  a  little  of  the  cleanest  sweet  oil :  the  top 
is  then  to  be  put  again  in  its  place^  and  the  two  nuts  h  and  i 
being  screwed  upon  it,  the  instrument  is  ready.  Neither  racks 
nor  pinion  need  to  be  taken  out  of  their  places,  the  cylinders 
.^tanding  above  them. 

«\  *  The  cock  is  constructed  so,  that,  being  in  the  situation  re- 
presented in  fig.  1,  the  communication  is  open  between  the 
cylinders,  the  receiver,  and  the  barometer-gauge,  and,  by  a 
quarter  of  a  revolution,  the  cylinders  are  excluded,  the  receiver 
and  gauge  being  still  left  in  communication.  A  little  stopper 
in  fig.  2,  ground  into  the  cock,  being  open,  air  is  admitted  to 
the  receiver,  if  required. 

The  receiver-plate  is  of  glass  ground  flat,  as  was  mentioned 
before :  this  will  be  found  preferable  to  brass,  because  cleaner, 
and  never  corroded  by  acids  or  water;  it  will  besides  often 
prove  very  convenient  in  making  electrical  experiments  in  the 
vacuum^ 

The  whole  instrument  is  fixed  upon  a  mahogany  table,  which 
serves  as  a  stand  for  it. 

Mr.  Mendelsohn  concludes  his  description  by  observing  that 
''  neither  the  employing  of, glass  xiylinders  nor  the  method  of 
opening  the  valves  is  new ;  but,  for  aught  he  knows,  this  is  the 
first  instrument  of  the  kind  ever  executed :  and  the  idea  of 
putting  the  valves  at  top,  and  thus  simplifying  the  instrument, 
seems  to  have  escaped  the  attention  of  the  emnieut  artists,  both 
here  and  abroad,  as,  to  my  best  knowledge,  it  has  never  been 
done  or  described  apy  v^here.  The  metallic  pistons,  without 
leathering,  ipust^  certainly  add  to  the  durability,  and  diminish 
;the  great  labour  that  usually  attends  working  an  air-pump." 
{Nicholson's  Journal,  New  Series,  No.  39.) 

Mt.  Vream,  who  was  Dr.  Desaguliers's  operator  for  philo- 
sophical machines,  made  such  an  alteration  in  H^wksbee's  air- 
pujnp,  as  produced  the  alternate  reciprocating  motion  of  the 
pistons,  without  turning  the  handle  to  and  fro :  while  the  handle 
turns  constantly  one  way  in  its  operation,  a  crank  by  means  of 
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two  leading  pieces,  gives  the  wheel  that  moves  the  racks  a 
motion  of  about  two-thirds  (or  more  when  required)  of  its 
circumferencei  every  time  the  crank  goes  round.    The  advan- 
tages which  Mr.  Vream  thought  would  result  from  this  altera<- 
tion,  he  describes  in  the  following  words :  ^'  I  hope  I  have 
unproved  Mr.  Hawksbee's  pump  by  a  contrivance  whereby  in 
turning  the  vnnch  quite  round  the  emboli,  or  pistons,  are  alter- 
nately raised  and  depressed ;  whereas  in  Mr.  Hawksbee's  way, 
the  mpinbg  of  the  hand  backward  aud  forward  is  not  only  more 
troublesome,  but  shakes  the  pi\mp ;  because  it  is  required  to 
press  the  barrel  hard  against  the  bottom  piece  under  the  bar- 
rels, to  discharge  the  water  from  the  valves  at  every  stroke* 
Besides  if  the  pump  should  at  any  time  happen  to  leak,  when  aa 
experiment  should  be  made  in  haste ;  you  may  exhaust  so  fast 
this  way  as  to  make  your  experiment  without  being  at  the  trou-  y 
ble  to  pull  the  pujnp  to  pieces,  in  order  to  make  it  tight,  except 
in  such  cases  as  require  the  recipient  to  be  perfectly  exhausted." 
Fig.  1 1 .  pi.  III.  will  shew  in  what  this  improvement  of  Mr. 
Vream's  consists.      The  axis  db  on  which  the  crank  Aab  and 
handle  bf  turn,  is  perpendicular  to  the  plane  of  tlie  wheel  we 
which  moves  the  racks  s,  t  :  two  leaders  n,  N,  of  equal  length, 
are  hung  by  one  end  upon  the  crank  Aa,  and  by  the  other 
upon  the  two  ends  of  a  pin  i  which  passes  through  the  wheel  at 
a  suitable  distance  from  the  centre.     While  the  crank  is  rising 
the  pin  i  is  raised  from  its  position  in  the  figure  to  some  higher 
point,  as  r,  thus  causing  the  wheel  to  turn  upon  its  centre  £, 
and  raise  the  rack  s,  while  it  depresses  tlie  rack  t  :  afterwards, 
while  the  crank  is  descending  through  the  other  half  of  its  revo- 
lution, the  pin  is  pushed  back  again  from  k  to  i,  the  wheel  e 
turns  the  contrary  way,  the  rack  T  is  raised,  and  s  depressed. 
So  the  racks  are  alternately  raised  and  depressed  as  the  circular 
motion  of  the  handle  f  carries  round  the  crank  a  a.  The  .radius 
oi  of  the  crank  must  be  rather  less  than  the  distance  hi  of  the 
pin  I  from  the  centre  of  the  wheel,  in  order  to  ensure  the  alter- 
nate motion  of  the  pistons  :  and  the  more  extensive  the  motion 
of  these  is  required  to  be  vcith  respect  to  the  motion  of  the 
cnmk^  the  more  must  the  radius  of  the  wheel  ^yr  exceed  the 
distance  ei. 

This  contrivance,  however  ingenious,  has  been  seldom  applied 
to  air-pumps ;  probably  because  there  is  a  considerable  variation 
ofreq^iisite  moving  force  in  the  diffeient  parts  of  tUe  revolution 
of  the  crank ;  a  variation  which  may  produce  jolts  in  the  motion. 
But  this  inequality  of  force  upon  the  crank,  being  occasioned  by 
the  variable  obliquity  in  the  position  of  the  .leaders  n,  n,  may 
be  much  reduced  by  making  the  distances  ab,  £i,  as  small  a^ 
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can  be  conveniently,  \\'ith  respect  to  the  length  m  of  the 
leaders. 

ANEMOMETER.  See  art.  49.  of  the  introductory  part 
ef  this  Tolume. 

ATWOOD's  MACHINE,  the  name  which  is  now  commonly 
applied  to  the  ingenious  apparatus  invented  by  the  late  Mr. 
Atwood  of  Trinity. college,  Cambridge,  to  illustrate  the  doc- 
trines of  accdierated  motion.  This  niachine  has  been  found  to 
answer  the  purpose  far  more  completely  than  any  other;  sufc^ 
jecting  to  experimental  exanynatioQ,  the  quantity  of  matter 
moved,  the  measure  of  the  force  which  moves  it,  the  space  de« 
scribed  from  quiescence,  the  time  of  description,  and  the  veto* 
city  acquired.  The  theory  of  this  instrument  depends  upon  th^ 
principles  exhibited  in  art.  fi67«  vol.  I.     But  we  shall  here  give 

|u  so  much  of  the  theory  and  description  as  seems  necessary  to  shew 
its^  nature  and  use,  chiefly  in  the  words  of  the  ingetuous  inventor. 
' .  1.  Of  the  mass  moved. — In  order  to  observe  the  effects  of  di^ 
moving  force,  which  is  the  object  of  any  experiment,  the  infeer'- 
ference  of  all  other  forces  should  be  prevented :  the  quantity  of 
matter  moved,  therefore,  considering  it  before  any  imp^iw 
force  has  been  applied,  should  be  without  weight;  for  although 
it  be  impossible  to  abstract  the  natural  gravity  or  weight  firom 
sny  substance  whatever,  yet  the  we^ht  may  be  so  counteracted 
as  to  be  of  no  sensible  effect  in  experiments.  Thus  in  the  itK 
stniment  constructed  to  illustrate  this  subject  experimentally, 
A,  ]i,  fig.  1.  pK  y.  represent  two  equal  ^-eights  affixed  to  d»&. 
extremities  of  a  very  fine  and  flexible  silk  line:  this  line  is 
stretched  over  a  wheel  or  fixed  pulley  abcdj  moveable  round  aft 
horizontal  axis:  the  two  weights  a,  b,  being  precisely. equal 
and  acting  against  each  other,  remain  in  equilibrio';  ana  when 
the  least  weight  is  superadded  to  eitlier  (setting  aside  the  efiRsots^ 
of  friction),  it  will  preponderate.  When  ab  ar^  set  in-motioii 
by  the  action  of  any  weight  m,  the  sum;  A-4^B-f^97»  would  consti*^ 
tute  the  whole  mass  moved,  but  for  ibe  inertia  of  the  TbAterials 
which  must  necessarily  boused  in  the  communieatii^n  of  mo^^ 
tioa  I  these  materials  consist  of,  1.  The  wheel  itf&c<2;  over  whidi 
^e  line  sustaining  a  and  b  passes.  2.  The  four  frict|ra^ 
wheels,  on  which  th^  axle  of  the  wheel  abed  rests :  •  the  uae  of 
these  wheels  is  to  prevent  the  loss  bf  motion^  which  would  be 
occasioned  by  the  friction  of  the  axle  if  it  revolved  on  sin  itti^ 
movable  surface.  3.  llie  line  by  which  the  bodies  a  apd  ift^ 
are  connected,  so  as  when  set  in  motion  to  movd  withequ^ 
velocities.    The  weight  and  inertia,  of  the  line  are  too  small  Ui^ 

'    have  sensible  effect  on  the  experiments  >;  but  the  inertia  cflhe 
other  materials  just  mentioned  constitute  a  considerable  propoi^ 


tion  of  the  mass  moved,  and  must  be  taken  into  account.  Since 
when  A  and  b  are  put  in  motion,  they  must  neciessarily  move 
with  a  velocity  equal  to  that  of  the  circumferaice  of  the  wheel 
ahcd,  to  >¥hich  the  line  is  applied;  it  follows,  that  if  the  whole 
mass  of  the  wheels  were  accumulated  in  this  circumference, 
itp  inertia  would  be  truly  estimated  by  the  quantity  of  matter 
ppved :  but  since  the  parts  of  the  wheels  move  with  different 
"Velocities,  their  effects  in  resisting  the  communication  of  iDo- 
Uon  to  A  and  b  by  their  inertia  will  be  different ;  those  partis 
which  are  furthest  froni  the  axis  resisting  more  than  those  which 
levolve  nearer  in  a  duplicate  proportion  of  those  distances.  If 
the  figures  of  the  wheels  were  regular,  from  knowing  their 
weights  and  figures,  the  distances  of  their  centres  of  gyration 
from  their  axes  of  motion  would  become  known,  and  conse^ 
.qnently  an  equivalent  weight,  which  being  accumulated  unir 
formly  in  the  circumference  abcdy  would  exert  an  inertia  equal 
to  that  of  the  wheels  in  their  constructed  form.  But  as  the 
figures  are  wholly  irregular,  recourse  must  be  had  to  experi- 
ment, to  assign  that  equivalent  quantity  of  matter,  which  being 
accumulated  uniformly  in  the  circumference  of  the  wheel  abcd^ 
^voold  resist  the  communication  of  motion  to  A  in  the  same 
ifiantaer  as  the  wheels. 

'  In  order  to  ascertain  the  inertia  of  the  wheel  abed  with  that 
of  tbe  friction- wheels,  the  weights  ab  being  removed,  the  foU 
firing  experiment  was  made.  A  weight  of  thirty  grains  was 
«flh:ed  to  a  silk  line  (the  weight  of  which  was  not  so  much  as 
ith  of  a  grain,  and  consequently  too  hiconsiderable  to  have  sen** 
tible  effect  in  the  experiment);  this  line  being  wound  about 
the  wheel  abcdy  the  weight  30  grains  by  descending  from  rest/ 
communicated  motion  to  the  wheel,  and  by  many  trials  i¥as 
observed  to  describe  a  space  of  about  384-  inches  in  3  seconds* 
From  these  data  the  equivalent  mass  or  inertia  of  the  wheels 
1v31  be  known  from  this  rule : 

Let  a  weight  p  (fig.  2.)  be  applied  to  communicate  motion 
to  a  system  of  bodies  by  means  of  a  very  slender  and  flexible 
liQa  going  round  the  wheel  sldim,  through  the  centre  of  which 
the  axis  passes  (g  being  the  common  centre  of  gravity,  b  the 
centre  of  gravity  of  the  matter  contained  in  this  line,  and  o  the 
centre  of  oscillation).  Let  this  weight  descend  from  rest 
Qirough  any  convenient  space  s  inches,  and  let  the  observed 
time  of  its  descent  be  t  seconds ;  then  if  /  be  the  space  through 
which  bodies  descend  freely  by  gravity  in  one  second,  the  equi- 

yalent  weight  sought  iz^   *  , —  =:  — j P.  See  art.  314. 

voLL 
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Here  we  have  />  =s  SO  grains^  t  =  S  seconds^  2  =  193  inches^ 

"385 


««  ,*•     i_  J  Pxt»Z  30x9x193        ^^       .rt^^ 

5  =  38-5  inches ;  and p=  — rrr 30  =s  1.323  grams 


of  2f  ounces. 

This  is  the  inertia  equivalent  to  that  of  the  wheel  abed,  and 
the  friction-wheels  together :  for  the  rule  extends  to  the  estima- 
tion of  the  inertia  of  the  ipass  contained  in  all  the  wheels. 

The  resistance  to  motion  therefore  arising  from  the  wheels* 
inertia^  will  be  the  same  as  if  they  were  absolutely  removed,  and 
a  mass  of  2|  ounces  were  uniformly  accumulated  in  the  cir- 
cumference of  the  wheel  abed.  This  being  premised,  let  the 
b6xes  A  and  B,  fig.  1.  be  replaced,  being  suspended  by  the  silk 
line  over  the  wheel  or  pulley  abed,  and  balancing;  each  other: 
suppose  that  any  weight  m  be  added  to  a  so  that  it  shall  descend, 
'the  exact  quantity  of  matter  moved,  during  the  descent  of  the 
weight  A,  will  be  ascertained,  for  the  whole  mass  will  be  A  +  b 
4-»n+24  oz. 

In  order  to  avoid  troublesome  computations  in  adjusting  the 
quantities  of  matter  moved  and  the  moving  forces,  some  deter- 
minate weight  of  convenient  magnitude  may  be  assumed  as 
a  standard,  to  which  all  the  others  are  referred.  This  standard 
weight  in  the  subsequent  experiments  is  |  of  an  ounce,  and  is 
represented  by  the  letter  m.  The  inertia  of  the  wheels  being 
therefore  =  2|- ounces,  will  be  denoted  by  11m.  a  and  b 
are  two  boxes  constructed  so  as  to  contain  different  quantities 
of  matter,  according  as  the  experiment  may  require  them  to  be 
varied :  the  weight  of  each  box,  including  the  hook  to  wliich  it 
is  suspended,  =  1^  oz.  or  according  to  the  preceding  estimation, 
the  weight  of  each  box  wiH  be  denoted  by  6m ;  these  boxes 
contain  such  weights  as  are  represented  by  fig.  3.  each  of  which 
weighs  an  ounce,  so  as  to  be  equivalent  to  4m;  other  weights  of 
Joz.  n  2m,  ^=  m,  and  aliquot  parts  of  m,  such  as^i,  ^m,  may  be 
also  included  in  the  boxes,  according  to  the  conditions  of  die 
different  experiments  hereafter  described. 

If  47OZ.  or  19m,  be  included  in  either  box,  this,  with  the 
weight  of  the  box  itself,  will  be  25m ;  so  that  when  the  weights 
a  and  B,  each  being  2  dm,  are  balanced  in  the  manner  above 
represented,  their  whole  mass  will  be  50m,  which  being  added 
to  the  inertia  of  the  wheels  1 1  m,  the  sum  will  be  6  Im.  More- 
over, three  circular  weights,  such  as  that  which  is  represented 
at  fig.  ^.  are  constructed;  each  of  which  n  ^oz.  or  m:  if  one 
of  these  be  added  to  a  and  one  to  b,  the  whole  mass  will  now 
become  63m,  perfectly  in  equilibrio,  and  moveable  by  the  least 
weight  added  to  either  (setting  aside  the  effects  of  friction),  in 
the  same  manner  precisely  as  if  the  same  weight  or  force  were 
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apfdied  to  coimnuuicate  motion  to  the  mass  63m,  existbg  in 
free,  space  and  without  gravity. 

2.  The  fnwing  force.  Since  the  natural  weight  or  gravity  of 
any  given  substance  is  constant^  and  the  exact  quantity  of  it 
easily  estimated,  it  will  be  convenient  here  to  apply  a  weight  to 
the  mass  a  as  a  moving  force :  thus,  when  the  system  consists 
of  a  mass  =  65m,  according  to  the  precedhig  description,  the 
whole  being  perfectly  balanced,  let  a  weight  ^  oz.  or  m,  such  as 
is  represented  in  fig.  5.  be  applied  on  the  mass  a  ;  this  will 
communicate  motion  to  the  whole  system :  by  adding  a  quantity 
of  matter  m  to  the  former  mass  63m,  the  whole  quantity  of 
matter  moved  will  now  become  64m ;  and  the  moving  force 
being  =  m,  tbb  will  give  the  force  which  accelerates  the  descent 

gr-i  or  fV  part  of  the  accelerating  force  by  which  the 

bodies  descend  freely  towards  the  earth's  surface. 

By  the  preceding  construction,  the  moving  force  may  be 
altered  vnthout  altering  the  mass  moved :  for  suppose  the  three 
weights  m,  two  of  which  are  placed  on  A,  and  one  on  b,  to  be 
removed,  then  will  A  balance  b.  If  the  weights  3m  be  all 
placed  on  a,  the  moving  force  will  now  become  3m,  and  the 
mass  moved  64f7t  as  before,  and  the  force  which  accelerates  the 

descent  of  a  =:  rj—  =  tt  parts  of  the  force  by  which  gravity 

accelerates  bodies  in  their  free  descent  to  the  surface. 

Suppose  it  were  required  to  make  the  moving  force  2m,  the 
mass  moved  continuing  the  same.  In  order  to  effect  this,  let 
the  three  weights,  each  of  which  ^=  m,  be  removed ;  a  and> 
B  will  balance  each  other;  and  ^e  whole  mass  will  be  6im: 
let  fm,  fig.  5.  be  added  to  a,  and  im  to  b^  the  equilibrium  will 
'  still,  be  preserved,  and  the  mass  moved  will  be  62m ;  now  let 
2m  be  added  to  a,  the  moving  force  will  be  2m,  and  the  mass 
moved  64m,  as  before;  wherefore  the  force  of  acceleration 
r:  r^  part  of  the  acceleration  of  gravity.  These  alterations  in 
the  moving  force  may  be  made  with  great  ease  and  convenience 
in  the  more  obvious  and  elementary  experiments,  there  being  no 
necessity  for  altering  the  contents  of  the  boxes  A  and  b  :  but 
the  proportion  and  absolute  quantities  of  the  moving  force  and 
mass  moved  may  be  of  any  assigned  magnitude,  according  to  the 
conditions  of  th^  proposition  to  be  illustrated. 

3.  Of  the  space  described.  The  body  a,  fig.  1.  descends  in  a 
vertical  line;  and  a  scale  about  64  inches  in  length  graduated- 
into  inches  and  tenths  of  an  inch  is  adjusted  vertically,  and  so- 
placed  that  the  descending  weight  A  may  fall  in  the  middle  of  a 
square  stage,  fixed  to  receive  it  at  the  end  of  the  descent :  the 
begiimiog  of  the  descent  is  estimated  from  0  on  the  scale,  when 
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Ae  bottom  of  die  box  A  is  on  a  level  with  0«  The  descent  of 
A  is  terminated  when  the  bottom  of  the  box  strikes  the  sti^e,- 
which  may  be  fixed  at  difierent  distances  from  the  point  O;  so 
that  by  altering  the  position  of  the  stage,  the  space  described 
from  quiescence  may  be  of  any  given  magnitude  less  than  64 
inches. 

4.  The  time  of  motion  is.observed  by  the  beats  of  a  pendulum, 
which  vibrates  seconds ;  and  the  experiments,  intended  to  illus^ 
trate  the  elementary  propositions,  may  be  easily  so  constifucted 
that  the  time  of  motion  shall  be  a  whole  number  oCseconds :  Ae 
estimation  of  the  time,  therefore,  admits  of  considerable;  exact- 
ness, provided  the  observer  takes  care  to  let  the  bottom  of  the 
box  A  begin  its  descent  precisely  at  any  beat  of  the  pendulmn; 
then  the  coincidence  of  the  stroke  of  the  box  against  the  stage^ 
and  the  beat  of  the  pendulum  at  the  end  of  the  time  of  motion, 
will  shew  how  nearly  the  experiment  and  the  theory  agree  to^' 
gether.  There  might  be  various  mechanical  devices  thought  of 
for  letting  the  weight  A  begin  its  descent  at  the  instant  of  a  beat 
of  the  pendulum  w :  let  the  bottom  of  the  box  a,  when  at  0 
on  the  scale,  rest  on  a  flat  rod,  held  in  the  hand  honzontally,  itr 
extremity  being  coincident  with  O,  by  attending  to  the  beats  of 
the  pendulum ;  and  vnth  a  little  practice  the  rod  which  supports 
the  box  A  may  be  removed  at  the  moment  the  pendulum  beats^ 
so  that  the  descent  of  a  shall  commence  at  the  safme  instant. 

5.  Of  the  velocity  acquired^  It  remains  only  to  describe  in 
what  manner  the  velocity  acquired  by  the  descending  weight 
A,  at  any  given  point  of  the  space  through  which  it  has  de- 
scended, is  made  evident  to  the  senses.  The  velocity  of  A'a 
descent  being  continually  accelerated,  will  be  the  same  in  no 
two  points  of  the  space  described.  This  is  occasioned  by  the 
constant  action  of  the  moving  force ;  and  since  the  velocity  of 
A  at  any  instant  is  measured  by  the  space  which  ^ould  be  de^ 
scribed  by  it,  moving  uniformly  for  a  given  time  with'  the  ve- 
locity it  had  acquired  at  that  instant,  this  measure  cannot  be  e%^ 
perimentally  obtained,  except  by  removing  the  force  by  which 
the  descending  body's  acceleration  was  caused. 

In  order  to  shew  in  what  manner  this  is  affected  practicallj/ 
let  us  again  suppose  the  boxes  a  and  b  s  25m  each,  so  as  to« 
gether  to  be  =  50m;  diis,  with  the  wheel's  inertia  llm,  will 
make  61m;  now  let  m,  fig.  8.  be  added  to  a,  and  an  equal 
weight  m  to  b,  these  bodies  will  balance  each  other,  and  the 
whole  mass  will  be  ^^m*  If  a  weight  m  be  added  to  a,  motion 
will  be  communicated,  the  moving  force  being  m,  and  tlie  mass 
moved  64m.  In  estimating^  the  moving  force,  the  circular  wei^t 
=  m  was  made  use  of  as  a  moving  force  :  but  for  the  present 
purpose  of  shewing  the  velocity  acquired,  it  will  be  convenient 
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to  tue  a  flat  rod^the  vreight  of  which  is  also  =  m.  Let  the  bottom 
of  the  box  A  be  placed  on  a  level  with  0  on  the  scale^  the  whole 
mass  being  as  described  above  =  SSm^  perfectly  balanced  in 
equilibrio.  Now  let  the  rod,  the  weight  of  which  zzm^be 
plaeed  on  die  upper  surface  of  A ;  ^lis  body  will  descend  along 
the  scale  precisely  in  the  same  manner  as  when  the  moving 
force  was  applied  in  the  form  of  a  circular  weight.  Suppose 
the  mass  A,  tig.  6,  to  have  descended  by  constant  acceleration 
of  force  of  n^  for  any  given  time,  or  through  a  given  space  t 
let  a  circular,  frame  be  so  affixed  to  the  scale,  coiitiguous  Co 
which  the  weight  descends,  that  a  may  pass  centrally  through 
ityjmd  that  this,  circular  frame  may  intercept  the  rod  m,  by 
which  the  body  a  has  been  accelerated  from  quiescence.  Affect 
die  moving  force  m  has  been  intercepted  at  the  end  of  die  given 

Ece  or  time,  there  will  be  no  force  operating  on  any  part  of 
system  which  can  accelerate  or  retard  its  motion :  this  beings 
the  case,  the.  weight  A,  the  instant  after  m  has  been  removed, 
must  proceed  uniformly  with  the  velocity  which  it  had  acquired 
diat  instant :  in  the  subsequent  part  of  its  descent,  the  velocity, 
b^g  uniform,  will  be  measured  by  the  space  described  in  any 
convenient  number  of  seconds. 

Other  uses  of  the  instrument  it  is  needless  to  describe  parli^ 
cttlarly,  but  it  may  not  be  improper  to  mention  some  of  them ; 
such  as  the  experimental  estimation  of  the  velocities  communi- 
cated by  the  impact  of  bodies  elastic  and  non-elastic ;  the  quantity 
of  resistance  opposed  by  fluids,  as  well  as  for  various  other  pur^ 
poses* ..  These  uses  we  shall  not  inaiiston  ;.but.the  prop^tie^  of 
retarded  motion  being  a  part  of  the  present  subject,  it  may  be 
necessaigr  to  shew  in  what  manner  the  motbn  of  bodies  resisted 
by  constant  forces  are  reduced  to  experiment  by  means  of  die 
instrument  above  described,  with  as  great  ease  and  precision  as 
the  properties  of  bodies  uniformly  accelerated.  A  single  in* 
stance  will  be  sufficient :  Thus,  suppose  the  mass  contained  in 
die  weights  a  and  b,  tig.  6,  and  the  wheels  to  be  61m,  when 
perfectly  in  eqnilibrio^  let  a  circular  we^ht  m  be  applied  to  b, 
and  let  two  long  weights  or  rods,  each  ^  m,  be  applied  tc^  a, 
then  will  A  descend  by  the  action  of  the  moving  force  m,  the 
SMsa. moved  being  6.4^:-  suppose  that  when  it  has  described 
iHqr  given  space .  by  constant  acceleration,  the  two  rods  m  are 
intercepted  by  the  circular  frame  above  described,  while  a  is" 
descending  through  it,  the  velocity  acquired  by  that  descent  is 
known)  and  when  the  two  rods  are  mtercepted,  the  weight 
A  will,  begin  to  move  on  widi  the  velocity  acquired,  being  now 
retarded  by  the  constant  fojrce  m ;  and  since  the  mass  moved  is 
6%0^  it  follows  that  the  force  of  retardation  will  be  tV  part  of 


96  MACHINES. 

that  force  whereby  gravity  retards  bodies  thrown  perpeiidicukHy' 
upwards.    The  weight  a  will  therefore  proceed  along  the  gradu-* 
ated  scale  in  its  descent  with  an  uniformly  retarded  motion,  and 
the  space  described,  times  of  motion,  and  velocities  destroyed 
by  the  resisting  force,  will  be  subject  to  the  same  measures  as  in 
the  examples  of  accelerated  motion  above  described. 

In  the  foregoing  descriptions,  two  suppositions  have  been 
assumed,  neither  of  which  is  mathematically  true:  but  it  may 
be  easily  shewn  that  they  are  so  in  a  physical  sense :  the  errors 
occasioned  by  them  in  practice  being  insensible. 

1.  The  force  which  communicates  motion  to  the  system  has' 
been  assumed  constant ;  which  will  be  true  only  on  a  supposition 
that  the  line,  at  the  extremities  of  which  the  weights  A  and  B,' 
fig.  1.  are  affixed,  is  without  weight.     In  order  to  make  k' 
evident  that  the  line's  weight  and  inertia  are  of  no  sensible 
effect,  let  a  case  be  referred  to,  wherein  the  body  A  descends 
Arough  48  inches  from  rest  by  the  action  of  the  moving  force 
m,  when  the  mass  moved  is  64m;  the  time  wherein  A  describes' 
48  inches  is  increased  by  the  effects  of  the  line's  weight  by  no 
more  than  rl^TDth  parts  of  a  second ;  the  time  of  descent  being' 
3*9896  seconds,  when  the  string's  weight  is  not  considered,  and 
the  time  when  the  string's  weight  is  taken  into  account  =  4*020S 
seconds ;  the  difference  between  which  is  wholly  insensible  by 
observation. 

2.  The  bodies  have  also  been  supposed  to  move  in  vacuo, 
whereas  the  air's  resistance  will  have  some  effect  in  retarding 
their  motion :  but  as  the  greatest  velocity  communicated  in 
these  experiments  cannot  much  exceed  that  of  about  26  inches 
in  a  second  (suppose  the  limit  (26*2845),  and  the  cylindrical 
boxes  being  about  1  j-  inches  in  diameter,  the  air's  resistance  cKfk 
never  increase  the  time  of  descent  in  so  great  proportion  as  that 
of  240 :  241 ;  its  effects  therefore  will  be  insensible  in  experiment. 

The  effects  of  friction  are  almost  wholly  removeid  by  the 
friction* wh^eels ;  for  when  the  surfaces  are  well  polished  and 
free  from  dust,  8cc.  if  the  weights  A  and  b  be  balanced  in  per- 
fect equilibrio,  and  the  whole  mass  consists  of  6Sm,  according 
to  the  example  already  described,  a  weight  of  1^  grain,  or  at 
most  2  grains,  being  added  either  to  a  or  b,  will  communicate" 
motion  to  the  whole ;  which  shews  that  the  effects  of  friction 
will  not  be  so  great  as  a  weight  of  1 4  or  2  grains.  In  some 
cases,  however,  especially  in  experiments  relating  to  retarded 
motion,  the  effects  of  friction  become  sensible ;  but  may  be  very 
readily  and  exactly  removed  by  adding  a  small  weight  of  1*5  or  3 
grains  to  the  descending  body,  taking  care  that  the  weight  add^ 
is  such  us  is  in  the  least  degree  smaller  than  that  which  is  just' 


•vilicieiit  to  iet  the  ^hole  in  motion^  when  A  and  b  are  eqnal, 
and  balance  each  other  before  the  moving  force  is  applied. 
(  Atwood  on  Mot  ion  J  p.  S 1 6  •) 

BALANCE^  as  distinguished  from  the  Steelyard,  is  a  lever 
widi  equal  arma,  whose  f\ilcrum  or  centre  of  motion  is  situaled 
immediately  above  the  centre  of  gravity  of  the  beam,  when  hori- 
zontal :  it  is  used  chiefly  in  determining  the  equality  or  differ- 
ence in  the  weights  of  different  bodies*  ' 

Some  remarks  on  the  nature  of  the  balance  were  made  when 
we  treated  of  the  lever  in  the  first  volume ;  where  also  we 
shewed  how  to  correct  the  deception  occasioned  by  a  false 
Mance :  in  addition  to  what  was  diere  stated,  we  shall  now 
ptesent  a  few  such  observations  as  may  be  most  serviceable  ii^ 
directing  the  accurate  construction  of  this  instrument. 

1.  The  axis  of  motion  of  the  balance  should  be  above  the 
centre  of  gravity  of  the  beam. 

2.  A  slender  index,  or  tongue  (as  it  is  called),  passes  throagk 
die  centres  of  gravity  and  motion  of  the  beam,  perpendicalar 
to  its  axis :  by  this  index  the  horizontal  position  of  the  beam, 
when  loaded,  in  the  comparison  of  weights,  is  determined. 

3.  When  the  balance  unloaded  is  quiescent,  and  therefore 
horkEoatat,  if  the  index  which  passes  through  the  fulcrum  be 
directed  to  any  fixed  point;  and  again  when  the  balance  is  re- 
versed, it  be  directed  to  the  same  fixed  point ;  it  is  in  the  right 
line  which  joins  the  centre  of  gravity  and  the  fulcrum. 

By  this  means  the  position  of  the  index  is  adjusted* 

4.  The  perpendicular  distances  of  the  points  of  application  of 
die  wei^its  to  be  compared,  from  the  right  line  which  joins  the 
centres  of  gravity  and  of  motion,  should  1>e  equal,  that  is,  the 
araifl  of  the  balance  ought  to  be  equal. 

6.  The  points  of  application  from  which  the  weights  are  sus- 
pendedy  should  be  in  the  same  right  line  perpendicular  to  the 
line  joining  the  centres  of  levity  and  of  motion. 

6.  The  nearer  the  right  fine  joining  the  points  of  application 
is  to  the  centre  of  motion,  the  larger  vibrations  of  the  balance, 
and  8  more  sensible  effect,  will  be  produced. 

7*  If  the  centre  of  motion  be  situated  below  die  line  joining 
&e  points  of  application,  the  beam,  when  loaded  with  equal 
wei^ts,  will  overset,  rest  in  any  position,  or  equilibrate  accord- 
ing to  the  weight. 

5.  When  two  given  weights,  suspended  from  the  arms  of  a 
balance,  are  in  equilibrio,  if  these  weights  when  transferred  to 
the  opposite  scales  be  still  in  equilibrio,  the  arms  of  the  balance 
are  eqnal. 

9.  The  various  adjustments  of  the  balance  are  these:  1st. 
Equal  weights  are  readily  found,  whatever  be  the  state  of  the 

V9L.  II.  H  ■  * 


98  MACHINES. 

4 

balance ;  for,  if  they  reduce  the  beam  to  the  same  posifibny 
"when  successively  applied  to  the  same  arm,  they  must  be  e(]^aal : 
then  if  these  equal  weights  transposed  do  not  disturb  the  position 
of  the  beam,  the  arms  are  equal.  2dly.  If  unequal  weights 
transposed  produce  equal  deflections  of  the  beam,  the  points  of 
suspension  are  in. the  same  right  lines,  perpendicular  to  that 
which  joins  the  centre  of  gravity  and  motion ;  and  therefore 
the  line  joining  these  points  will  be  horizontal  when  th^ -beam 
hangs.freely.  3dly.  Let  the  index  be  directed  to  any  fixed  pointy 
then  the  beam  being  reversed,  if  it  still  pass  through  the  same 
point,  .the  index  is  perpendicular  to  the  axis  of  the  beam. 

10.  The  equilibrium  of  the  balance  will  be  effected  by  the 
tpngue,  unless  it  be  continued  below  the  centre  of  motion,  so 
that  the  momenta  on  both  sides  may  be  equal  and  opposite* 

11.  Minute  differences  or  weight  are  rendered  more  dis- 
cernible by  diminishing  the  friction  upon  the  axis,  as  by  «usr 
pending  it  in  a  fork  with  springs,  &c. 

Indeed  when  balances  are  required  for  accurate  philosophical 
jpurposes,  much  caution  is  requisite  in  the  various  parts  of  the 
construction,  and  many  peculiar  contrivances  have  been  adopt- 
ed :  some  of  the  best  of  these  are  given  in  the  following  article. 

Hydrostatic  Balance,  is  an  instrument  contrived  to  deter- 
mine accurately  the  specific  gravity  of  both  solid  and  fluid  bodies. 
One  of  the  most  ingenious  fcM-ms  of  this  balance  is  exhibited  in 
fiig.  5.  pi.  VI.  where  vcg  is  the  stand  or  pillar,  which  is  to  be 
fixed  in  a  table.  From  the  top  a  hangs  by  two  silk  strings  the 
horizontal  bar  bb,  from  which  is  suspended  by  a  ring  »'the 
fine  beam  of  a  balance  b :  which  is  prevented  from  descending 
too  low  on  either  side  by  the  gently  springing  piece  txyz,  fixed 
on  the  support  m.  The  harness  is  annulated  at  o,  to  shew  disr 
tinctly  the  perpendicular  position  of  the  examen,  by  the  small 
pointed  index  fixed  above  it. 

The  strings  by  which  the  balance  is  suspended,  passing  over 
two  pulleys,  one  on  each  side  the  piece  at  a,  go  down  to  the 
bottom  on  the  other  side,,  and  are  hung  over  the  hook  at  v ;  which 
hook,  by  means  of  a  screw  p,  is  moveable  to  about  the  distance 
of  an  inch  and  a  quarter  ))ackward  and  forward,  and  therefore 
the  balance  may  be  raised  or  depressed  so  much.  But  if  a 
greater  elevation  or  depression  be  required,  the  sliding  piece 
which  carries  the  screw  p,  is  readily  removed  to  any  part  of  the 
square  brass  rod  vk,  and  fixed  by  means  of  a  screw. 

The  motion  of  the  balance  being  thus  adjusted,  the  rest  of 
the  apparatus  is  as  follows :  hh  is  a  small  board  fixed  upou  the 
piece  D,  under  the  scales  d  and  e,  and  is  moveable  up  and  dow^ 
in  a  low  slit  in  the  pillar  above  c,  and  fastened  at  any  part  by  a 
screw  behind.     From  the  point  in  the  middle  of  the  bottom  of 
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^h  scile  hangs^  by  a  fine  hook>  a  brass  wire  ad,  and  ac :  these 
jmss  through  holes  m,  ni,  in  the  table.  To  the  wire  ad  is 
suspended  a  curious  cylindric  wire  rs,  perforated  at  each  end 
for  that  purpose :  this  wire  rs  is  cofered  with  paper  graduated 
by  equal  divisions^  and  is  about  five  inches  long* 

In  the  comer  of  the  board  at  e  is  fixed  a  brass  tube^  on  which 
a  round  wire  hi  is  so  adapted  as  to  move  neither  too  tight  nor 
too  fireely,  by  its  flat  head  i.  Upon  the  lower  part  of  this 
moves  another  tube  q,  which  has  sufficient  friction  to  make  it 
lemain  in  any  position  required:  to  this  is  fixed  an  index  t, 
moving  horizpntaUy  when  the  vrire  hi  is  turned  about,  and 
may  therefore  be  easily  set  to  the  graduated  wire  rs*  From  the 
low€r  end  of  the  wire  rs  hangs  a  weight  l  ;  and  from  that  a 
wire  pn,  with  a  small  brass  ball  g  about  one-fourth  of  an  inch 
diameter.  On  the  other  side  from  the  wire  ac  hapgs  a  large 
glass  bubble  R,  by  a  horse-hair. 

Now,  let  us  suppose  the  weight  l  taken  away,  and  the  wire 
pn  suspended. from  s:  and  on  the  other  side  let  the  bubble  r 
be  taken  away,  and  a  weight,  as  f,  suspended  at  c  in  its  room. 
This  Weight  F  we  suppose^  to  be  sufficient  to  keep  the  several 
parts  hanging  from  the  other  scale  in  equilibrio;  at  the  same 
time  that  the  middle  point  of  the  wire  pn  is  at  the  surface  of 
the  water  in  the  vessel  o.  The  wire  pn  is  to  be  of  such  a  size 
that  the  length  of  one  inch  shall  weigh  four  grains. 

Now  it  is  evident,  since  brass  is  about  eight  times  heavier 
than  water,  that  for  every  inch  the  wire  sinks  in  the  water,  it 
will  become  half  a  grain  lighter ;  and  half  a  grain  heavier  for 
every  inch  it  rises  out  of  the  water :  consequently,  by  sinking 
two  inches  below  the  middle  point,  or  rising  two  inches  above 
it,  the  wire  will  become  in  eflfect  one  grain  lighter  or  heavier. 
If,  therefore,  when  the  middle  point  is  at  the  surface  of  the 
Water  in  equilibrio,  the  index  T  be  set  to  the  middle  point  of 
the  graduated  wire  rs,  and  the  distance  of  r  and  of  s  from  the 
index  be  each  reckoned  to  contain  100  equal  parts;  then,  if  in^ 
weighing  bodies  the  weight  is  required  to  the  hundredth  part  of 
a  grain,  it  may  be  easily  obtained  by  proceeding  thus : — Let  the 
body  to  be  weighed  be  placed  in  the  scale  e ;  and  let  this  be  so 
determined  that  one  grain  more  shall  be  too  much,  and  one 
grain  less  too  little.  Then  the  balance  being  moved  gently  up 
or  down  by  tlie  screw  p  till  the  ^uilibrium  be  nicely  shewn  at 
0,  if  the  index  T  be  at  the  middle  point  of  the  wire  rs,  it  shews 
that  the  weights  put  into  the  scale  e  are  just  equal  to  the. weight 
of  the  body. 

But  if  the  index  T  stand  nearer  to  r  than  to  s,  as  suppose  36 
of  the  100  parts,  it  shews  the  number  of  grains  in  the  scale  e 
were  l^ss  than  equal  to  the  weight  of  the  body  in  scale  (i,  by  36 
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handredths  of  a  grain :  and  if,  oti  the  other  hand,  the  index  htai 
stood  at  the  division  36  below  the  middle  point  oirs^  then  woiiid 
the  grains  in  the  scale  e  indicate  more  than  the  real  weight  vblA 
by  S6  hundredths  of  a  grain.  ^ 

Instead  of  putting  the  body  in  the  scale  d  as  before,  let  it  b« 
appended  with  the  weight  f  at  the  hook  c  by  a  horse-hair,  as  at 
m,  supposing  die  vessel  of  water  were  away ;  then  observe  tfas 
equilibrium,  and  as  it  hangs,  let  it  be  immersed  in  the  water  of  tb# 
vessel  o,  and  it  wiU  become  much  lighter ;  the  number  of  graioa 
and  parts  of  grains,  determined  as  before,  required  to  restore  . 
the  equilibrium,  vrill  isHew  the  weight  of  water  equal  in  bulk  to 
the  body  immersed. 

In  practice,  the  wire  pn  should  be  oiled,  and  then  wiped  at 
clean  as  possible;  enoush  will  remain  to  prevent  the  waller 
adhering  to  it.  The  balance  ought  to  be  ndsed  very  gently, 
and  when  brought  to  an  equilibrium  should  be  gently  agitated^ 
to  see  whether  it  will  return  to  the  equilibrium  again. 

For  the  description  of  M.  Paul's  accurate  steelyard  to  answer 
the  same  purposes,  see  the  article  stbslyard. 

M.  Prony,  of  whom  we  often  have  had  occarion  to  speak^ 
has  invented  a  stand  or  support  for  balances  of  all  dimensions^ 
which  is  calculated  to  render  the  operaticms  for  which  theae 
instruments  are  used  more  expeditious  and  convenient,  without 
diminishing  their  accuracy.  His  account  is  published  in  tbe 
Amals  de  Chimie,  xxxvi.  ^0. 

''  Several  experiments/'  says  he,  '^  in  which  I  was  engaged 
enuring  the  course  of  the  last  winter,  put  me  under  the  necessity 
of  contriving  a  support  whidi  might  be  applied  promiscuously 
to  every  kind  of  balance,  whether  provided  with  a  suspending 
handle  or  not^  and  which,  without  detriment  to  its  accuracy^ 
should  afford  me  commodious  means  of  successively  raising  and 
lowering  it.  It  is  well  known  how  embarrassing  and  laborious 
the  operation  of  weighing  is,  when  performed  with  balances 
supported  by  the  hand;  though  this  is  often  only  the  smallest 
inconvenience  with  which  their  use  b  attended. 

*^  Various  artists  have  contrived  supports,  commodious  in 
their  use,  and  ingenious  in  their  principle;  but  as  each  of  these 
supports  can  only  be  adapted  to  a  sii^le  balance,  they  become 
•o  expensive  as  to  be  out  of  thfe  reiach  of  the  majority  of  artists 
and  experimentalists.  I  think,  therefore,  I  shall  do  them  an 
acceptable  service  by  publishing^  in  compliance  with  the  request 
of  several  eminent  chemists,  the  description  of  a  support, 
whieh,  besides  the  advantage  of  being  adapted  for  all  kinds  of 
l^alaoces,  pasiesses  that  of  being  constructed,  at  a  small  ex* 
pense,  either  in  wood  or  metal. 

**  A  triangular  foot  of  brass  i^i,  a,  a  (figs.  1,  and  t./fX.  VL 
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^presenting  the  elevation  and  section  of  my  apparatus)^  has  its 
three  extremities  a,  a,  a,  firmly  screwed  down  upon  a  table  or 
horizontal  plane.  Into  the  part  a  of  this  foot  b  screwed  a 
cylindrical  rod  ab,  which  maybe  of  any  arbitrary  length:  it 
may  even  be  convenient  to  have  two  of  these  of  different  lengths, 
in  order  that  diey  may  be  changed,  when  we  wish  to  employ 
die  machine  for  very  large  balances.  Those  which  I  have  made 
use  of  are,  the  one  half  a  metre,  and  the  other  one  metre  (39*4 
inches)  in  length. 

*^  A  vertical  pulley,  p,  is  placed  at  the  top  of  the  stem  ab^ 
in  such  a  manner  that  the  same  vertical  plane  passes  through 
(he  axis  of  the  rod,  and  through  the  horizontal  axis  of  the 
pnlley;  the  block  or  collar  CD  of  this  pulley  has  at  its  lower 
part  a  tube  cb,  into  which  enters,  with  a  gende  friction,  the 
j^perior  extremity  of  the  rod  ab;  a  screw,  e,  serves  to  keep 
the  pulley  in  a  fixed  position. 

^  Another  pulley,  p,  is  fixed  at  the  bottom  of  the  rod  ab,  in 
such  a  position  that  the  tangent  of  the  pulleys  p  and  p  is 
parallel  to  the  axis  of  the  rod  ab. 

''  A  cord  sc/pHGPF,  to  the  end  of  which  is  suspended  on  th« 
outside  of  the  vertical  table  k  a  small  weight  k,  passes  through 
a  hole  t  made  in  the  foot  a,  rolls  over  the  pulleys  p  and  p,  and 
IS  attached  at  f  to  a  piece  mm'nq,  which  has  the  form  of  a 
fork,  and  to  which  are  suspended  (as  I  shall  shortly  explain) 
the  balance,  the  weights,  and  the  substances  that  are  to  be 
weighed.  Wfn  is  a  button,  which  being  screwed  at  the  top  of 
fte  fork,  receives  the  end  of  the  cord,  and  by  means  of  a  knot 
made  on  it  sustains  the  fork. 

''  The  tail  or  handle  of  this  fork  is  of  a  prismatic  form  at^ 
the  part  m'n;  this  prismatic  part  enters  a  groovej^'madeatthe 
extremity  n  of  the  horizontal  piece  mo,  so  that  it  can  slide 
freely  in  this  groove  either  upwards  or  downvrards,  its  course 
being  however  limited  at  m\  where  it  is  stopped  by  the  enlarged 
handle  of  the  fork,  and  at  n  by  the  greater  width  produced  by 
die  separation  of  the  two  branches  of  the  fork. 

^  The  piece  no,  which  is  hollow,  and  intersected  at  o  by  the 
Item  AB,  can  slide  along  and  turn  round  this  stem ;  when  it  is 
brongbt  to  its  proper  height,  it  is  secured  by  means  of  die 
screw  v,  and  it  is  then  necessarf,  first,  that  it  should  be  at  sueh 
a  height  that,  when  the  stop  m  rests  on  the  side  of  the  groove  j(/^ 
or  when  no  can  niove  no  further  down,  the  scale  of  the  batlaiice 
rfndl  be  in  contact  with  the  table  or  horizontal  plaae^  in  order 
that  we  may  afterwards  be  able  to  raise  it  the  whole  height  of 
fn;  secondly,  that  the  cord  FF  be  in  one  and  the  slane  vertical 
pfame  widr  qg. 
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^^  Th^  groove  at  n  oiight  to  be  situated  in  such  a  manner  tba^ 
tlie  axis  of  the  prismatic  part  of  the  tail  of  the  fork,  and  the 
cord  pf'^  shall  always  be  in  the  ^ame  vertical  plane,  or  in  ^ 
parallel  line  with  the  axis  of  the  stem  ab. 

^'  These  dispositions '  being  made,  )et  us  imagine  the  twp 
branches  ng,  of  the  fork  to  be  perforated  with  holes  of  different 
diameters,  m  order  to  receive  horizontal  pin^  (gg)  of  diflFerent 
sizes;  and  w^  $hail  have  all  that  is  Requisite  for  the  ordinary 
operations  of  weighing,  performed  in  the  air  with  balancesji 
the  beams  pf  ^hich  are'susp^snded  from  abov^. 

*'  In  fact,  whatever  kind  of  balance  we  use,  we  ^re  to  intro- 
duce the  extremity  pf  its  suspending  handle  into  the  fork  nq, 
and  insert  into  the  round  hole,  which  the  handle  of  the  balanc^ 
always  has  at  it^  superior  extremity,  any  one  of  the  pins  that 
will  .ent^r  with  ease;  wfd  then  apply  the  piece  on  in  such  a 
manner  as  to  fulfil  the  conditions  above  laid  down  for  the 
position  of  thi^  pipce;  after  which,  it  is  to  be  fixed  by  the 
;^rew  y.  Thi$  being  done,  the  scales  of  the  balance  ^re  to 
be  charged,  which  being  in  contact  with  the  table,  or  horizontal 
plane,  can  have  no  motion.  When  the  sqale^  are  charged,  we 
lay  hold  of  the  small  ball  k^  ^nd  dr^w  the  cord  which  ^uspendst 
it  $o  as  to  raise  the  balance  very  slowly :  if  the  scales  be  not. 
in  equilibrio,  the  cqrd  is  to  be  loosened  till  they  rest  again  upoq 
the  table,  $n(}  so  ?ucqedsively, 

'*.A  counterpoise,  q,  suspended  tq  the  cord  FO,  ought  to 
preserve  the  ^qnilibrinm  with  the  weight  of  the  balance.  By 
means  of  this  precaution  it  comes  to  pass,  that  the  common 
centre  pf  gravity  of  all  the  forces  supported  by  the  pulley  p^ 
falls  in  all  ^ca^e^uppn  tbp  fi3(i$  of  the  stem  ab,  which  thus  has 
jio  tendenpy  to  bend, 

'  ^*  If  we  wish  uow  to  use  a  hydrostatic  balance,  we  adapt  to 
the  stem  ab  a  small  board  on,  fig.  3,  whiqh,  by  means  of  a 
cylindrical  hole  at  o,  may  slide  along  the  rod  ab,  and  ^e  fixc4 
at  any  arbitrary  height  by  a  screw  at  v.  Another  piece^  Pr 
board  k'k^,  is  placed  upon  v*n*,  in  such  a  manner  that  th^ 
holes  t7?  correspond  with  the  centre  of  the  scales,  under  which 
are  placed  the  hooks  intended  for  holding  the  substances  sus-i 
pended  in  the  water,  and  f^^K'  \s  fixed  upon  v^N*  by  means  of 
screws  vf.  •'•,•■ 

"  These  arrangements  being  made,  let  the  piece  n^o^  and  thcj 
board  k'k*,  be  placed  in  such  a  manner  that,  first,  the  whole 
height  of  the  balance  be  placed  between  this  piece  and  the; 
board,  and  that  the  tscales  L|i  be  in  contact  with  the  board 
K^k',  their  centres  correspoiiding  \yith  holes  made  in  T^* 
(Secondly,  that  k'k'  be  suffitiently  elevated  to  enable  us  tq 
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place  under  it  ibe  vessels  ww,  filled  vnih  water,  and  conveni- 
epdy  to  immerse,  in  one  of  these  v^essels,  the  substances  which 
we  wish  to  weigh  hydrostatically. 

*'  According  to  the  common  practice,  these  substances  are 
suspended  by  a  very  thin  wire;  but  by  placing^  after  my  method, 
two  vessels,  and  suspending  to  the  two  scales  wires  of  equsd 
cKameter,  the  one  of  which  supports  die  jsubstance  that  is  to  be 
weighed,  and  the  other  merely  in  part  immersed,  the  magnitude 
of  die  diameter  will  have  no  influence  upon  die  accuracy  of 
the  operatiou ;  for,  let  us  suppose  the  apparatus  to  be  adjusted 
in  such  a  manner  that  at  firat  the  two  wires  were  in  equilibrio 
with  each  other  (which  may  easily  be  obtained  by  varying  the 
height  of  the  water  in  the  vessels),  these  two  wires  will  stOl  be 
in  equilibrio,  when  the  beam  ff'  being  elevated,  will  remain  in 
its  horizontal  position :  whence  it  follows  that  if  one'  of  the 
wires  have  suspended  from  it  a  substance  immersed  in  the 
water,  and  we  place  in  the  opposite  scale,  and  consequendy  out 
of  the  water,  a  weight  adequate  to  keep  the  equilibrium  with 
the  immersed  substance,  for  a  horizontal  position  of  the  beam, 
•tbe  equilibrium  will  still  be  maintained,  whatever  may  be  the 
elevation  or  depression  of  the  beam,  provided  it  continue  in  a 
horiBontal  position ;  for  the  lengths  of  ^he  wires,  either  above 
or  4>elow  the  surface  of  die  water,  bein^  equal,  the  difference 
^tw^n  die  specific  weight  of  the  water  and  that  of  the  metal 
will  operate  equally  upon  both  extremities  of  the  beaiki.  It  is 
evidetPt  that  this  advantage  will  not  be  obtained  if  we  employ 
oiiiy  the  wire  to  which  the  substance  is  suspended,  and  ths^t  the 
eqiuKbrium,  established  for  a  certain  elevation  and  a  horizontal 
pibsition  of  the  beam,  will  not  apply  to  other  elevations  of  the 
beam  by  preserving  it  in  the  horizontal  position. 
'  **  It  is  to  be  remarked,  that  my  method  compensates  not  only 
for  the  excess  of  the  specific  weight  of  the  wires  over  that  of 
the  water,  but  also  for  that  which  depends  upon  the  adhesion  of 
the  fluid  to  the  wires,  and  the  cov^rin^  of  water  which  they 
carry  along  with  them. 

^*  AH  that  has  been  said  hitherto  applies  only  to  balances 
that  are  provided  with  suspended  handles ;  but,  in  .order  to 
tender  this  support  absolutely  universal  in  its  use,  it  was  neces- 
sary that  it  should  be  possible  to  adapt  it  to  a  beam  which  had 
nothing  but  its  centres;  for  which  purpose  I  contrived  an 
apparatus,  which  is  suspended,  like  those  of  a  comipon  balance, 
to  the  fork  Jiq,  and  which  may  receive  jthe  centres  of  any  beam. 
The  engraved  plates  of  my  machine  represent  it  pl'ovided  with 
this  apparatus,  the  construction  of  which  is  as  follows. 

*'  A  piece  ss^  has  a  screwed  hole  bored  into  it  at  s\  into  which 
A^  screw  dd  is  inserted  half  its  length.    Another  hole,  made 
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at  Sf  iu  a  perpeadicubr  direction  to  the  fijrst,  rjeceive^  tbepin 

fg,  to  which  all  the  inferior  apparatus  is  suspended.     Ttii^ 
ole  8  supplies  the  place  of  that  which  is  found  at  the  uppeip 
extrejoiity  of  the  suspending  handle  of  balances. 

'  '^  The  two  other  vertical  pieces  r ,  r,  fig.  4.  have  at  their  upp«|: 
part  cjlind^cal  holes  not  screwed,  in  which  the  screw  dd  can 
turn  freely.  T^iese  superior  parts  are  placed  at  an  arbitrary 
distance,  and  rptained  in  their  situation  by  means  of  four  nul^ 
screws  u,  u,  u,  u,  each  of  the  pieces  being  fastened  betweei^ 
two  of  these  nut-screws.  A  cylindrical  rod  hk  traverses  the 
inferior  parts  of  these  pieces  rr,  and  is  fixed  there  by  means  of 
nut-screws,  in  such  a  manner  that  the  superior  and  inferioc 
points  qf  the  piece  rr  are  invariably  at  the  same  distance. 

'^  Each  of  these  pieces  rr  has,  upon  the  surface  wluch  in 
perpendicular  to  the  direction  of  dd  and  hh,  a  groove  ee,  and  a 
circular  aperture  x,  having  at  its  lower  part  a  small  bracket  of 
polished  steel  aa,  intended  to  support  one  of  the  centres  of  ti^ 
beam*  Into  t}ie  upper  part  pf  the  grooves  ee  a  rule  eV  is 
introduced,  which  must  enter  with  tightness,  and  which^  witk 
the  pieces  dd  and  hh,^  give  such  a  solidity  to  the  apparatus 
that  the  a4]ust|n^ut  of  its  parts  cannot  be  in  the  smallest  degree 
deranged.  The  remiainder  of  the  groove,  which  is  npt  occupied 
by  ey,  ought  to  be  of  a  length  somewhat  greater  than  th^t  oi 
the  largest  cock  or  index  adapted  to  the  beams  which  we  shatt 
have  to  use.  '  •      '        ; 

^'  The  inethod  of  using  the  apparatus  which  I  have  just 
described  i^  very  simple.  The  beam  which  we  intended  tQ 
employ  i§  placed  betweeu  the  two  branches  rVf  which  are  re* 
moved  from  each  other  till  the  centres  can  be  brought  pppoeitf 
to  the  circular  holes  x;  the  pieces  r,  r,  are  then  brought  t<^ei^ 
ther  in  such  a  manner  that  the  centres  enter  these  holes  x,  au4 
^o  a^  still  to  leave  spme  room  for  motion  between  these  pieced 
and  the  body  of  the  beam,  ii;^  order  that  the  oscillations  of  th^ 
balance  nday  be  perfectly  free.  The  pieces  r,  r,  are  brought 
parallel  with  each  pthjer,  and  the  adjustment  of  the  apparatus 
}s  rendei^ed  perfectly  'firm,  by  means  of  nut-screws,  by  the 
small  cyliudrical  rod  hh,  ^nd  by  the  rule  e^e^.  The  apparatus 
being  adjusted  in  this  mamier^  it  is  suspended  to  the  fork  ng,  hj 
inserting  the  pin  zgmtq  the  hole  s,  and  the  balance  is  used  io 
the  manner  tnat  has  already  been  explained.  We  know  tfa4 
equilibrium  to  be  established,  ajid  the  beam  to  be  horizontal^ 
when  the  inde:ic'3jry] divides  the  breadth  of  the  space  ee  into  twd 
equal  parts  ^  but,  iii  order  tp  ascertain  the  csrcumstance  witb 
greater  accuracy,  I  have  attisu;)}ed  to  the  rule  ^V  a  pluouiael 
eH^,  by  means  of  whfcb  we  oiiay  distinguish  the  sligbteit  ^^' 
viations  of  the,  index  from  the  perpendicular  (}irectioi|»'' 
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'  «  *  ■    • 

Danish  ba^Awce,  is  a  kind  .of  balance  or  ateelyard  in  comr 
ja^QB  i|se  in  many  parts  of  the  continent  of  Europe^  and  is  of  a 
yery  simple  construction.  It  is  thus  described  in  the  Encyclo^ 
p0cUa  JSritannica  (art.  Steelyard) :  '^  It  consists  of  a  batten  of 
hard  wood^  having  a  heavy  lump  k  (fig.  7.  pi.  VI.  at  one  end, 
wi  a  swivel  hook  6  at  the  other.  The  goods  to  be  weighed 
are  suspended  on  the  hook,  and  the  whole  is  carried  in  a  loop 
of  whipcord  v,  in  which  it  is  slid  backward  and  forward  till  the 
goods  are  balanced  by  the  weight  of  the  other  end.  The  weight 
of  die  ^oods  is  estimated  by  the  loop  on  a  scale  of  divisions  in 
Juinkionic  progression.  They  are  marked  (we  presume)  by 
trial  with  known  weights/' 

It  would  seem,  then,  that  the  writer  of  the  article,  whence 
the  above  is  extracted,  was  not  aware  that  the  divisiona  on  the 
,l)am5ii  balance  might  be  effected  by  a  method  pui^ely  geonie- 
trical:  yet  M.  Roemer  pointed  out  such  a  method  more  than  a 
•century  ago,  in  Remeil  des  Machines  appr.par  UAcad.  Roy. 
$cu  tpui^  1.  p.  80.  It  is  in  substance  as  follows:  Liet  AC 
(figs.  7*  B.)  be  the  distance  between  the  point  a  from  which 
ike  body  whose  \yeight  is  to  be  determined  is  suspended,  and  c 
the  centre  of  gravity  of  the  balance  when  the  weight  w  is  not 
leittached  to  it.  From  the  point  c  draw  an  indefinite  line  CD, 
nmkiag  any  angle  acd  with  the  line  ac  on  which  the  divisions 
pf  the  balance  are  to  be  marked;  and  through  a  draw  another 
right  line  an  parallel  to  cd.  Set  off  any  equal  distances  CE, 
£F,  FO,  6H,  HI,  &c.  along  the  line  cd;  and  upon  an  set  off  the 
distance  ab  equal  to  one  oPthe  equal  distances,  ascE,  uponcD. 
From  B  as  a  fixed  point  draw  lines  be,  bf,  bg,  bh,&c.  to  the 
several  points  of  division  on  cd  ;  and  they  will  intersect  the  line 
^C,  in  the  points  1,  2,  3,  4,  5,  &c.  where  the  subdivision  marks 
imght  to  ftand  in  the  balance,  fig.  7*  The  numbers  1,  2,  3,  4, 
tec  fig.  8.  denote  so  many  times  the  actual  weight  of  the 
balance  and  its  knobs,  independent  of  the  adventitious  weight  w. 
thus  if  the  unloaded  balance  weigh  61bs,  the  distances  marked 
1, 2,  3,  4,  5,  &c.  in  fig.  8.  would  correspond  to  the  subdivision 
mrks  6, 12,  13,  24,  30,  &c.  in  fig.  7. 

-M.  Roemer  has  not  demonstrated  the  truth  of  this  construe* 
tipo:  but  it  may  be  easily  shewn  dius:  L^t  w  be  the  we^ht  of 
the  balance  and  knob,  and  w  that  of  the  body  which  is  to  be 
ascertained  by  the  instrument.  Then,  when  the  point  of  sus- 
pension is  that  marked  1,  fig.8.  we  have  in  the  triangles  ab1,1cb, 
the  sides  AB  and  CB  equal,  also  angle  baI  =  Ice,  and  b1a=:e1c; 
diierefore  these  triangles  are  both  equiangular  and  equilateral; 
consequently,  Aisle,  and  by  the  natures  of  the  kvei^,  and 
)he  centre  of  gravity  \fzzw.    Again,  in  like  manner  when  the 
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point  of  suspension  is  2^  the  triangles  AB2f  2cF|  are  equiangular; 
and  since  fc=:2ab,  we  have  c2=:2a2^  and  ws=2a>,  Saalso 
the  triangles  ab3,  Scg>  are  equiangular;  whence  because  cg:^ 
Sab,  c3=:3a3,  and  vrzzSw;  and  so  on,  through  the  whole 
division.  ' 

^rhis  balance  has  been  described  more  on  account  of  its  cur 
riosity  than  actual  utility :  for  in  ascertaining  large  weights  it 
would  be  extremely  cumbersome  and  difficult  to  manage.  In 
the  determination  of  weights  not  exceeding  twenty  or  thirty 
pounds,  it  mighty  however,  be  rendered  very  manageable !  for  it 
might  be  about  the  length  of  an  exci^^eman's  rod,  or  a  walking 
stick,  having  a  knob  of  lead  at  one  end ;  and  in  this  case  the 
divisions  near  the  knob  might  be  so  numerous  as  to  enable 
a  person  to  weigh  accurately  to  quarters  of  pounds,  if  not  to 
ounces :  the  rod  might  be  moved  to  and  fro  upon  a  chair-back, 
or  the  edge  of  a  trussel  ^  and  thus  this  instrument  might  often 
be  more  conveniently  used  than  a  spring  steelyard. 

Balance  of  a  Clock  or  Watch^  is  that  part  which,  by  its 
moti(in,  regulates  and  determines  the  beats.  The  circular  part 
of  it  is  called  the  rtm,  and  its  spindle  the  verge;  there  belong  to 
it  also  two  pallets  or  nuts,  that  play  in  the  fangs  of  the  crow»- 
wheel :  in  pocket  watches  that  strong  stud  in  which  the  lower 
pivot  of  the  verge  plays,  and  in  the  middle  of  which  one  pivot 
of  the  crown-wheel  runs,  is  called  the  potence :  the  wrought 
piece  which  covers  the  balance,  and  in  which  the  upper  pivot 
of  the  balance  plays,  is  the  cock;  and  the  small  spring  in  the 
new  pocket  watches  is  called  the  regulator. 

The  motion  of  a  balance,  as  well  as  that  of  a  pendulum, 
being  reciprocating,  while  the  pressure  of  the  wheels  is  cob^ 
stantly  in  one  direction,  it  is  obvious  that  some  art  must  be 
used  to  accommodate  the  one  to  the  other.  When  a  tooth  of 
the  wheel  haa  given  the  balance  a  motion  in  one  direction^  k 
must  quit  it,  that  it  may  get  an  impulsion  in  the  opposite  direc* 
tion.  The  balance  or  pendulum  thus  escaping  from  the  tooth 
of  the  wheel,  or  the  tooth  escaping  from  the  balance,  has  given 
to  the  general  construction  the  name  of  scapement  among  our 
artists.    See  Scafemsnt. 

Some  of  the  most  important  propositions  relative  to  watch 
balances  n^ay  be  concisely  stated  as  follows:  1.  The  balaAt« 
of  a  watch  is  analogous  to  the  pendulum  in  its  properties  and 
use.  The  simple  balance  is  a  circular  annulus,  equally  heavy 
in  all  its  parts,  and  concentrical  with  the  pivots  of  the  axis  on 
which  it  is  Inounted.  This  balance  is  moved  by  a  spiral  spring 
called  the  balance  spring,  the  invention  of  Mr.  Hook. 

2.  The  pendulum  requires  a  less  maintaining  power  than  the 
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Maoce.  Hence  the  natural  isochronism  of  the  penduUtm  is 
less  disturbed  by  the  relatively  small  inequalities  of  the  main- 
Mniog  :pQwer^ 

3.  The  elastic  force  of  the  spring  M'hich  impels  the  circum- 
ference of  the  balance  is  directly  as  tlie  tension  of  the  spring ; 
itiat  is,  the  -weights  necessary  to  counterpoise  a  spiral  spring's 
elastic  force,  when  the  balance  is  wound  to  different  distances 
from  the  quiescent  point,  are  in  th^  direct  ratio  of  the  arcs 
through  which  it  is  wound. 

4.  The  vibrations  of  a  balance,  whether  through  great  or 
fiiiaU  arcs,  are  performed  in  the  same  time.  For  the  accele- 
rating force  is  directly  as  the  distance  from  the  point  of  quies- 
G^ice:  hence,  therefore,  the  motion  of  the  balance  is  analogous 
to  that  of  a  pendulum  vibrating  in  cyclpidal  arches  (vol.  i.  art, 
276.) 

5*  The  time  of  the  vibration  of  a  balance  is  the  same  as  if  a 
quantity  of  matter,  whose  inertia  is  equal  to  that  by  which  the 
mass  contained  in  the  balance  opposes  the  communication  of 
motion  to  the  circumference,  described  a  cycloid  whose  lei^th 
i^  equal  Xo  the  arc  of  vibration,  described  by  the  circumference^ 
the  accelerating  force  being  equal  to  that  of  the  balance. 

(}.  The  times  of  vibration  of  different  balances  are  in  a  rajtio 
compounded  of  the  direct  subduplicate  ratios  of  their  weigh t|i 
attd  semidiameters,  and  the  inverse  subduplicate  ratio  of  the 
tensions  of  the  spripgs,  or  of  the  weights  which  counterpoise 
tiiem,  when  wound  through  a  given  angle. 

7.  The  times  of  vibration  of  different  balances  are  in  a  ratio 
compounded  of  the  direct  simple  ratio  of  the  radii  and  qirect 
]||iibduplicate  ratio  of  their  weights,  and  the  inverse  subduplicate. 
ntio  of  the  absolute  forces  of  the  springs  at  a  given  tension. 
'  8.  Hence  the  absolute  force  of  the  balance  spriifg,  the 
jiameter  and  weight  of  the  balance  being  the  saine,  is  inversely 
U  th^  square  of  the  time  of  one  vibration. 

9.  :T!he  absolute  force  or  strength  of  the  balance  spring,  the 
tioie  of  one  vibration,  and  the  weight  of  the  balance  being  the 
same,  is  inversely  as  the  square  of  the  diameter. 

10.  The  weight  of  the  balance,  the  strength  of  the.  spring, 
VmI  tim^  ojP  vjlbration  being  the  same,  is  inversely  as  the  square 
of  the  diameW. 

Heqce,  ^  large  balance,  vibrating  in  the  same  time  with  the 
same  spring,  wSl  be  much  lighter  than  a  small  one. 

i  1.  If  the  rim  of  the  balance  be  always  of  the  same  breadth 
and  thickness,  so  that  the'  weight  shall  be  as  the  radius,  the , 
strength  of  tb^  spring  must  be'  as  the  cube  of  the  diameter 
of  the  balance,  that  the  tiu^e  of  vj^brs^tiou  may  continue  the 
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12.  The  momentum  of  the  balance  is  increased  better  hf 
increasing  its  diameter  than  its  weight. 

13.  The  longer  a  detached  bali^ce  continues  its  motion  th^ 
better.  ^ 

14.  The  greater  the  number  of  vibrations  performed  by  h 
balance  in  a  givisn  ^me,  the  less  susceptible  is  it  of  external 
dgitatiops. 

\5.  Slow  vibrations  are^  to  a  certain  extent,  preferable  to 
iquick  vibrations:  but  there  is  manifestly  a  limit;  for  if  tht 
vibrations  be  too  slow,  the  watch  will  be  liable  to  stop. 
'   16.  A  balance  should  describe  as  large  arches  aS  possible^ 
as  suppose  240°,  260%  300*,  or  an  entire  circle. 

First,  because  the  momentum  of  the  balance  is  thus  itv* 
creased;  and  therefore  the  inequalities  in  the  force  of  the  main* 
gaining  p6wer  bear  a  less  proportion  to  it,  and  of  consequence 
Kdrill  have  less  influence.  2dly.  The  balance  is  less  susceptible  of 
lextemal  agitations.  3dly.  A  given  variation  in  the  extent  of  the 
vibrations  produces  a  less  variation  in  die  going  of  the  machmev 
But  care  must  be  takei^  that  in  these  great  vibrations,  tb# 
spring  shall  neither  touch  any  obstacle,  iior  its  spires  touch  eacli 
other  in  contrapting. 

17.  The  time  of  the  vibration  of  the  balance  i^  increased  by 
heat,  and  diminished  by  cold.  First,  because  the  length  of  thf^ 
fl|>iral  spring  is  increased  by  heat,  and  therefore  its  force  diwf^ 
mshed ;  and  the  contrary  liy  cold.  2dly.  The  diameter  of  tb4» 
balance  is  increased  by  heat,  and  therefore  also  the  time  of 
vibrsltion ;  and  the  contrary  by  cold. 

18.  That  balance  is  the  most  perf^^  which,  without  the 
compensation  of  a  thermometer,  is  most  subject  to  the  inflttenGe- 
of  heat  and  cold.  Because  the  obstructions  from  oil  and  frio^ 
tion  act  as  k  compensation  to  the  eitpansion  or  contraction  of 
4ie  spring  and  balance;  therefore  that  balance  which  is  most 
aflfected  is  most  free  from  the  infiuenee  of  oil  and  friction. 

19.  The  errors  in  the  going  of  a  watch^  arising  from  thf^ 
change  of  temperature,  may  be  corrected  by  varying  tlie  length* 

'  of  the  balance  spring.  Nevertheless,  as  it  is  extremely  diffictttf 
to  form  an  isochropal  spiral,  any  variation  in  its  length  is' 
dangerous,  because  we  diall  thus  probably  lose  that  poiaf 
which  determines  its  isochronism. 

20.  The  errors  in  the  going  of  a  watch,  occasioned  by  ihQ 
variation  of  temperature^  may  be  corrected  by  varying  d^ 
fliameter  of  the  balance. 

This  may  be  effected  by  a  peculiar  contrivance  which  hB» 
obtained  the  name  o( iiie expansion  balance,hting  composed  of 
two  different  metals  which  possess  different  degrees  of  exptn- 
si|l>]]ity|  as  brass  and  steel,  for  uistance ;  of  which  two  metekt 
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it  luis  been  observed,  that  the  increase  of  dimensions  by  ex- 

mnsion,  in  like  elevations  of  temperature,  is  nearly  as  2  to  1  • 

For,  according  to  Mr.  Smeaton's  experiments  (vol.  48,  Phil. 

Trans*),  the  corresponding  expansions  of  hard  steel  and  brass- 

¥rire  are  as  1 47  and  232,  the  expansions  being  occasioned  by  a 

change  from  a  medium  temperature  to  that  of  160^  of  Fahren« 

lieili'B  thermometer.    One  of  the  most  approved  constructions 

of  an  expansion  balance,  is  exhibited  in  plate  VII.  and  is  thus 

deaciibed  by  Mr.  Nicholson:  The  outer  part  of  the  rim  is  brass, 

and  the  inner  steel.    After  this  compound  rim  is  brought  to 

iti  figure  by  turning,  it  is  cut  through  in  three  places,  a,  b,  c, 

which  sets  one  end  of  each  third  part  of  the  periphery  at  liberty 

to  move  outwards,  when  the  temperature  is  diminished,  or 

inwards  when  it  is  increased,    d,  b,  f,  are  three  similar  and 

equal  masses  of  metal,  fitted  upon  the  circular  bars  in  a  proper 

Bianner  to  admit  of  their  being  fixed  at  any  required  distance 

from  the  extremity,  where  the  motion  is  most  considerable* 

Qf  H|  ],  are  three  screws^  the  heads  of  .which  may  be  set  nearer 

to, or  further  from,. the  centre,  and  serve  as  weights  to  effect  the 

adjustments  for  position  and  rate.     The  peculiar  advantage  of 

this  balance  may  be  explained  as  follows:  when  an  increase  of 

heat  diminishes  the  elastic  force  of  the  pendulum  spring  k,  the 

outer  brass  rim  being  lengthened  more  than  the  steel,  must 

throw  the  weights  d,  e,  f,  nearer  to  the  axis,  and  diminish  the 

tfect  of  the  inertia  of  the  balance,  which  consequently  is  as 

spe^ly  carried  through  its  vibration  as  before.     And  on  the 

contrary,  when  cold  weather  adds  to  the  elastic  force  of  the 

spring,  the  same  weights  are  also  thrown  further  out,  and 

prevent  the  acceleration  which  would  have,  followed.    The 

exact  adjustment  of  the  weights  is  found  by  trial  of  the  going 

of  the  machine:  if  it  gain  by  heat,  the  weights  do  more  thaq 

compensate,  and  must  be  moved  further  from  the  extreme  ends 

of  the  circular  compound  bars;  but  if  the  gain  be  produced  by 

cold,  the  spring  predominates,  and  the  weights  will  accordingly 

require  to  be  set  further  out. 

Ballistic  pendulum,  an  obvious,  though  very  inge- 
lious  contrivance,  first  proposed  by  Mr.  Benjamin  Robins^  for 
the  purpose  of  ascertaining  the  velocity  of  a  cannon  ball.  The 
contrivance  depends  upon  the  principle  explained  art.  3  IS  of  our 
firstvolume:— -The  block  of  wood  which  is  struck  by  the  ball, 
iosljead  of  being  left  at  liberty  to  move  straight  forward  in 
the  direction  of  the  ball's  motion,  is  suspended  like  the 
weight  of  the  vibrating  pendulum  of  a  clock,  by  a  strong  iron 
stem  (with  adequate  braces)  having  a  horizontal  axis  at  the  top, 
on  the  >ends  of  which  it  vibrates  freely  whenT  struck  by  the 
bftllv'  Thi?  Urge  pendulum,  after  receiving  the  blow,  is  peue-^ 
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trated  by  the  ball  to  a  sinair  depths  and  by  reason  of  tlie  ntottoft 
communicated  to  it,  oscillates  round  its  axisy  describing  art 
arch  Mhich  is  greater  or  ]e£S,  according  to  the  magnitude  of 
the  impulsion.  From  the  extent  of  the  arch  described  by  the 
vibrating  pendulum,  the  velocity  of  any  point  of  the  block  can 
be  readily  computed  :  for,  from  the  extent  of  the  arch  and  the 
i'adius  of  description,  the  versed  sine  becomes  known;  and  it  \» 
well  known  that  the  velocity  with  which  the  body  that  describeflr 
such  an  arch  commences  its  motion,  is  the  same  as  the  velocity 
which  woidd  be  required  to  carry  the  body  vertically  through 
the  versed  sine  before  its  whole  motion  becomes  destroyed  by 
gravity.  This  velocity,  referred  to  the  centre  of  oscilktkm  of 
th^  pendulum,  will  be  to  the  velocity  communicated  by  the  hM 
to  the  block,  as  the  distance  of  the  centre  of  oscillation  front 
liie  axis  of  suspension,  to  the  distance  of  the  point  of  impact 
from  the  same:  and  hence  the  velocity  of  the  ball  becotees^ 
inferred,  from  the  consideration  that  it  and  the  pendulum  have 
velocities  inversely  as  their  masses.  Thus,  the  determinatioir 
of  the  very  great  velocity  of  the  ball,  is  made  to  flow  from  the 
measurement  of  the  arch  described  by  the  pendulum  in  conse^ 
quence  of  the  blow  struck. 

Several  blocks  of  this  kind,  varying  in  weight  from  600 Ibs.^ 
up  to  about  25cwt.,  were  constructed  and  employed  under  the 
direction  of  Dr.  Hutton,  for  the  purpose  of  ascertaining  the 
initial  velocities,  as  well  as  the  velocities  at  different  difstances 
from  the  mouth  of  the  piece,  of  balls  we^hing  from  1  to  6 
pounds.  The  minutiae  of  the  construction,  the  requisite  inves- 
tigations, the  practical  methods  of  determining  the  centres  of 
gravity  and  oscillation,  and  the  arch  of  vibration,  as  well  as  the 
ample  detail  of  the  doctor's  most  valuable  collection  of  expe- 
riments, may  be  seen  in  the  2d  and  3d  vcJs.  of  hi»  "  Tracts/* 
published  iii  1812. 

While  the  present  volume  is  passing  through  the  press,  a 
ballistic  pendulum  proposed  to  weigh  at  least  3  tons,  and  to 
serve  for  experiments  upon  the  velocities  of  balls /propelled 
from  6,  12,  and  even  24  pounders,  is  constructing  in  the  Royal 
Arsenal,  Woolwich  :  the  frame  work  for  the  apparatus  is  builf 
into  the  wall  of  a  suitable  edifice,  in  order  to  ensure  accuracy 
and  stability.  The  experiments  with  an  apparatus,  of  thisr 
magnitude,  though  they  will  necessarily  be  attended  with  diffi- 
culties, will,  it  is  hoped,  present  sOme  curious  and  important 
results. 

BARK-MILL,  a  mill  constructed  fer  the  purpose  of  grinding 
and  preparing  bark,  till  it  is  fit  for  the  use  of  a  tanner. 

Bark-milk,  like  most  other  mills,  are  worked  sometimes  by 
means  of  horses,  at  others  by-  water,  and  at  others  by  winda 
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One  of  the  best  mills  we  have  seen  described  for  these  pur- 
poses is  that  invented  by  Mr.  Bagnall,  of  Worstey  in  Lanca- 
9hire:  this  machine  will  serve  not  only  to  chop  bark^  to  grind, 
to  riddle  and  pound  it ;  but  to  beam,  or  work  green  hides  and 
skins  out  of  the  mastering  or  drench,  and  make  them  ready  for 
the  ouse  or  bark  liquor;  to  beam  sheepskins  and  other  skins  for 
the  skinner's  use;  and  to  scour  and  take  oflf  the  bloom  from 
tanned  leather,  when  in  the  currying  state.  The  nature  and 
connecticHi  of  the  different  parts  of  this  contrivance  may  be 
lUideratood  from  the  three  figures  on  the  right-hand  side  of 
plate  VII.  together  with  the  following  description. 
■  Fig.  1^  is  a  horizontal  plan  of  the  milL  Fig.  2.  longitudinal 
section  of  it.  Fig.  S.  transverse  section  of  it 
>  A,  The  water-wheel,  by  which  the  whole  machinery  is 
worked. 

B,  The  shafts. 

Cy  The  pit- wheel,  which  is  fixed  on  the  water-wheel .  sh^ft 
B,  and  turns  the  upright  shaft  e,  by  the  wheel  p,  and  works  th« 
cutters  and  hammer  by  tapets.  > 

p,  The  spur  and  bevil-wheel  at  the  top  of  upright  shafts. 

£,  The  upright  shaft. 

F,  The  crown-wheel,  which  works  in  the  pit-wheel  c. 

G,  The  spun-nut  to  turn  the  stones  i. 

p,  The  beam,  with  knives  or  cutters  fixed  at  the  end  to  chop 
dr  cut  the  bark^  which  bark  is  to  be  put  upon  the  cutters  or 
grating  i,  on  which  the  beam  is  to  fail. 

a,  The  tryal  that  receives  the  bark  from  the  cutters  «,  and 
conveys,  it  into  the  hopper  h,  by  which  it  descends  through  the 
shoe  J  to  the  stones  i,  where  it  is  ground. 

K)  The  spout,  which  receives  the  bark  from  the  stones,  and 
conveys  it  into  the  tryal  l  ;  whibh  tryal  is  wired  to  sift  or  dress 
the  bark,  as  it  descends  from  the  stones  i . 

M,  The  trough  to  receive  the  bark  that  passes  through  the 
tryal  l. 

B,  The  hammer,  to  crush  or  bruise  the  bark  that  falls  into 
the  dish  s,  which  said  dish  is  on  the  incline^  so  that  the  hammer 
keeps  forcing  it  out  of  the  lower  side  of  the  said  dish,  when 
bruised. 

k^  A  trough  to  receive  the  dust  and  moss  that  passes  through 
the  tryal  Q. 

T,  The  bevil-wheel,  that  works  in  the  wheel  d,  which  works 
the  beam-knife  by  a  crank  v  at  the  end  of  the  shaft  u. 

w.  The  penetrating  rod,  which  leads  from  the  crank  v  to  the 
start  X. 

X,  The  start,  which  has  several  holes  in  it  to  lengthen  or 
shorten  the  stroke  of  the  beam-knife. 
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y^  Th«  shafts  to  nvhich  die  slide  rods  kf  Ay  are  fixed  by  tli^ 
starts  fif  n. 

h,  The  slide  rod^  on  Mrhich  the  knife/ is  fixed ;  which  kniftr 
is  to  work  the  hides.  Sec.  On  the  knife  are  two  springs^  a,  a,  td 
let  it  have  a  little  play  as  it  mslkes  its  stroke  backwards  and  for-' 
wards,  so  that  it  may  not  scratch  or  damage  the  hides,  &c. 

Zf  Is  IT  catch  in  slide-rod  h,  which  catches  on  the  atch^heade;; 
and  the  said  arch-head  conveys  the  knife  back  widiout  touohk)^ 
the  hide,  and  then  falls  back  to  receive  the  catch  again. 

l^  The  roller  to  take  up  the  slide^rod  A,  while  the  hidoi  taetf 
shifting  on  the  beam  b  by  pulling  at  the  handle  m, 

by  Tlie  beam  to  work  the  hides,  &c.  on.  Each  beam  has  (^\utf 
wheels  j9,  p,  working  in  a  trough  road  g,^,  and  removed  by  lli# 
levers  c,  c.  When  the  knife  has  worked  the  hide,  fcc  suffi« 
ciently  in  one  part,  the  beam  is  then  shifted  by  the  lever  c  as  felT 
as  is  wanted: 

d^  A  press,  at  the  upper  end  of  the  beam,  to  hold  the  hide 
last  on  die  beam  while  working. 

€,  An  arch-head,  on  which  the  slide-red  h  catches; 

y*,  The  knife  fixed  on  the  slide-rod  A,  t^  work  the  hides,  &c< 

Y,  Cutters  or  grating  to  receive  the  bark  for  chopping. 

The  beam  p,  with  knives  or  cutters,  may  either  be  worked  by 
tapers,  as  described,  or  by  the  bevil-wheel  t,  with  a  crank,  Z9 
T,  to  cut  the  same  as  shears. 

The  knife/ is  fixed  at  the  bottom  of  the  start,  which  is  fixed 
on  the  slide  rod  h ;  the  bottom  of  the  start  is  split  open  to  wiA 
mit  die  knife,  the  width  of  one  foot ;  the  knife  should  have  a 
gudgeon  at  each  end,  to  fix  in  the  open  part  of  the  start  \  and 
the  two  springs  a,  a,  prevent  the  knife  from  giving  too  much 
way  when  working ;  the  knife  should  be  one  foot  long  and  four 
or  five  inches  broad. 

The  arch-head  e  will  shift  nearer  to,  or  further  frbm>  the  beam 
A,  and  will  be  fixed  so  as  to  carry  the  knife  back  as  far  as  is 
wanted,  or  it  may  be  taken  away  till  wanted. 

Ilie  roller  /  is  taken  up  by  pulling  at  the  handle  m^  which 
takes  up  the  slide-rod  so  high  as  to  give  head-room  under  the 
beam-knife.  The  handle  may  be  hung  upon  a  hook  for  that 
purpose.  The  slide-rod  will  keep  running  upon  the  roller  all 
the  time  the  hide  is  shifting ;  and  when  the  hide  is  fixed  the 
knife  is  put  on  the  beam  again  by  letting  it  down  by  die  handte 
m.  There  may  be  two  or  more  knives  at  work  on  one  beam  at 
the  same  time,  by  having  different  slide-rods.  There  should  be 
two  beams,  so  that  the  workmen  could  be  shifting  one  hide,  8cc. 
while  the  other  was  working.  The  beam  must  be  flat,  and  a 
little  on  the  slope.  As  to  the  breadth  it  does  not  signify;  the 
broader  it  is  the  less  shifting  of  the  hides  will  be  wanted,  a#  the 
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lei^  c  mil  shift  diem  as  far  as  the  width  of  the  hide^  if  required. 
Mr.  Bagoall  has  formed  a  kind  of  press  dy  to  let  down,  by  a 
leyer,  t6  hold  the  hide  fast  on  each  side  of  the  knife  if  required, 
80  that  it  will  suffer  the  knife  to  make  its  back  stroke  without 
pulling  the  hide  up  as  it  comes  back.  The  slide-rod  may  be 
weighted,  to  cause  the  knife  to  lay  stress  on  the  hide,  8cc.  ac* 
cording  to  the  kind  and  condition  of  the  goo()s  to  be  worked. 

Hides  and  skins  for  the  skinner's  use  are  worked  in  the  sama 
way'  as  for  the  tanners. 

Scouring  of  tanned  leather  for  the  currier's  use  will  be  done 
on  the  beam,  the  same  as  working  green  hides*  It  is  only 
taking  the  knife  away,  and  fixing  a  stone  in  the  same  manner  as 
the  knife  by  the  said  joints  and  to  have  a  brush  fixed  to  go  either 
before  or  after  the  stone.  The  leather  will  be  better  secured 
this  way  than  by  hand,  and  much  sooner. 

The  whole  machinery  may  be  worked  by  water,  wind,  steam, 
or  any  other  power.  And  that  part  of  the  machinery  which 
relates  to  the  beaming  part  of  the  hides  may  be  fixed  to  any 
horse  bark-mill,  or  may  be  worked  by  a  horse  or  other  power 
separately. 

For  an  account  of  another  ingenious  bark-mill,  by  Mr.  Thcv 
mas  Chapman,  see  the  Retrospect  of  Phil.  andMechan.  Disco- 
veries, vol.  i.  p.  390. 

BARKER'S  MILL  is  a  kind  of  water-mill,  invented  by  Dr. 
Barker,  which  without  either  wheel  or  trundle  performs  the 
operation  of  grinding  corn.  This  mill  is  represented  in  fig.  3, 
pL  ly.  in  which  A  is  a  pipe  or  channel  that  brings  water  fFt)m 
a  reservoir  to  the  upright  tube.  The  water  runs  down  the 
tube,  and  thence  into  the  horizontal  trunk  c,  which  has  equal 
arms ;  and,  lastly,  runs  out  through  holes  at  d  and  e,  opening 
on  contrary  sides  near  the  ends  of  those  arms.  These  orifices 
d,  e,  have  sliders  fitted  to  them,  so  that  their  magnitude  may  be 
increased  or  diminished  at  pleasure. 

The  upright  spindle  d  is  fixt  in  the  bottom  of  the  trunk,  and 
screwed  to  it  below  by  the  nut  g ;  and  is  fixt  into  the  trunk  by 
two  cross  bars  aty:  so  that,  if  the  tube  b  and  trunk  c  be  turned 
round,  the  spindle  d  will  be  tunied  also. 

The  top  of  the  spindle  goes  square  into  tlie  rynd  of  the  upper 
mill-stone  h,  as  in  common  mills ;  and  as  the  trunk,  tube,  and 
spindle,  turn  round,  the  mill-stone  is  turned  round  thereby.  The 
lowei*  or  (quiescent  mill-stone  is  represented  by  i ;  and  k  is  the 
floor  on  which  it  rests,  in  which  is  the  hole  l  to  let  the  meal  run 
through,  and  fall  down  into  a  trough  which  may  be  about  m. 
The  hoop  or  case  that  goes  round  die  mill-stone  rests  on  the 
floor  K,  and  supports  the  hopper,  in  the  comnfon  way.  The 
lower  end  of  the  spindle  turns  in  a  hole  in  the  bridge-tree  gp, 
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which  supports  the  mill-stone,  tube,  spindle,  and  trunk.  This 
tree  is  moveable  on  a  pin  at  h,  and  its  other  end  is  supported  by 
an  iron  rod  k  fixed  into  it,  the  top  of  the  rod  going  through 
the  first  bracket  o,  and  having  a  screw-nut  o  upon  it,  above  the 
bracket.  By  turning  this  nut  forward  or  backward^  the.  milU 
stone  is  raised  or  lowered  at  pleasure. 

Whilst  the  tube  b  is  kept  full  of  water  from  the  pipe  a,  and 
the  water  continues  to  run  out  from  the  ends  of  the  trunk ;  the 
upper  mill-stone  h,  together  with  the  trunk,  tube,  and  spindle^ 
turn  round.  But  if  the  holes  in  the  trunk  were  stopt,  no  motion 
would  ensue;  even  though  the  tube  and  trunk  were  full  of 
water.  For,  if  there  were  no  hole  in  the  trunk,  the  pressure  of 
the  water  would  be  equal  against  all  parts  of  its  sides  within. 
But  when  the  water  has  free  egress  through  the  holes,  its 
pressure  there  is  entirely  removed  :  and  the  pressure  against  the 
parts  of  the  sides  which  are  opposite  to  the  holes  turns  the 
machine. 

Mr.  James  Rumsey,  an  American  gentleman,  has  rather  im- 
proved this  machine,  by  conveying  the  water  from  the  reservoir^ 
not  by  a  pipe  as  adb,  in  great  part  of  which  the  spindle  turns, 
but  by  a  pipe  which  descends  from  a,  without  the  frame  I.N, 
till  it  reaches  as  low,  or  lower,  than  g  ;  and  then  to  be  conveyed 
by  a  curvilinear  neck  and  collar  from  g  to  g,  where  it  enters 
the  arms,  as  is  shewn  by  the  dotted  lines  at  the  lower  part  of 
the  figure.  A  like  improvement  was  made  by  M.  Segner,  a 
German. 

Most  of  the  authors  who  have  attempted  to  lay  down  th^e 
theory  of  this  mill  have  fallen  into  error:  the  most  ingenious 
Aeory  we  have  yet  seen  is  by  Mr.  fVm.  Waring  (given  in  the 
American  Transactions^  vol.  iii.);  which,  with  some  such  cor- 
rections as  appeared  necessary  to  adapt  his  rules  to  practical 
purposes,  is  nearly  as  follows : 

1 .  The  first  enquiry  relates  to  the  magnitude  of  the  pipe  which 
Conveys  the  water  from  the  reservoir  to  the  centre  of  the  hori- 
zontal tube  edy  at  g.  To  this  end,  let  a  =  the  area  6f  the 
orifice  by  which  the  water  is  admitted  at  g ;  An  the  perpen- 
dicular height  of  the  surface  of  the  water  in  the  reservoir  above 
g;  d  zz  the  vertical  depth  of  any  horizontal  section  of  the  pipe, 
below  the  same  surface ;  s  =  the  surface  or  area  of  the  hori- 
zontal section  of  the  pipe,  at  the  depth  d.  Then  since  the 
areas  in  the  several  parts  of  the  pipe  should  be  inversely  as  the 
velocities,  and  the  velocities  (art.  439,  cor.  2.  vol.  I.)  are  in  the 
subduplicate  ratio  of  the  depths  below  the  head,  those  areas 
must  be  inversely  in  the  subduplicatQ  ratio  of  the  depths;  cou- 

sequently,  ^  =  ■^,  and  s=A    /-.     So  that  the  pipe  must 
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liave  its  bore  increased  from  the  level  ofg  upwards  in  the  ratio 

J ;  and  if  a  section  in  any  part  be  less  than  would 

be  assigned  by  this  ratio,  the  water  will  be  obstructed  in  its 
passage. 

2.  Of  the  initial  force  xcith  which  the  machine  commences  its 
motion.  If  we  conceive  the  water  pressing  in  the  tube  frdm  g 
towards  e^  previous  to  the  opening  of  the  aperture,  there  wiu 
manifestly  be  no  motion  occasioned ;  because  the  forces  on  the 
opposite  sides  of  the  tube  balance  each  other,  and  the  for<:e 
against  the  end  c  is  resisted  by  the  fixed  axle  T>gj  or,  if  we 
consider  both  arms,  it  is  balanced  by  the  equal  force  acting  upon 
the  equal  end  at  d^  in  an  opposite  direction.  But  if  one  of  the 
apertures,  as  d  (its  area  being  =:  a),  is  opened,  the  pressure  upon 
that  portion  of  the  tube  is  taken  away,  and  the  equal  and  oppo^ 
site  pressure  upon  an  equal  portion  of  the  contrary  side  of  the 
tube,  having  now  nothing  to  keep  it  in  equilibrio,  tends  to  move 
the  arm  eg  about  the  axis  ng :  m  like  manner  when  the  aper- 
ture e  (also  =  a)  is  opened,  the  pressure  which  was  previously 
counterbalanced  by  the  opposite  pressure  on  the  orifice  e,  now 
exerts  its  tendency  to  produce  a  rotatory  motion  about  the  axis 
cgf :  so  that  combining  together  the  effects  of  both  these  un- 
balanced pressures^  and  considering  that  the  pressure  of  water 
upon  any  point  is  proportional  to  the  depth  of  that  point  below 
the,  upper  surface  of  the  fluids  we  shall  have  2ahn\  for  the  force 
Mrhicn  causes  the  rotatory  motion  to  commence;  the  values  of  ^ 
and  h  being  taken  in  feet,  and  w  representing  62j  lbs.  avoirdu- 
pob,  the  weight  of  a  cubic  foot  of  water.  But  as  the  velocity 
of  rotation  increases,  the  pressure  depending  upon  the  relative 
velocities  of  the  water  and  the  sides  of  the  tube  diminishes,  and 
consequently  the  power  is  diminished,  notwithstanding  what  is 
gained  by  that  which  we  now  proceed  to  consider. 

3.  The  centrifugal  force.  This  may  be  found  in  a  similar 
manner  to  that  which  was  adopted  when  considering  the  theory 
of  the  centrifugal  pump  (art  537,  vol.  I.).  Thus,  if  besides  the 
preceding  notation  we  take  /  for  the  length  of  each  arm  gd^  ge, 
t  for  the  time  of  rotation,  g  for  32^  feet,  the  measure  of  the 
force  of  gravity,  and  it  for  3*141593 ;  since  a  is  the  section  of  the 
flowing  water  at  light  angles  to  its  motion,  we  shall  have,  by 

proceeding  as  in  the  article  just  referred  to,  — -p  =  the  length 

of  a  column  of  water,  whose  pressure  is  equal  to  the  centrifugal 

force,  or-  ^        =  76*70625  —the  weight  of  a  column  of  water 

in  lbs.,  which' is  equivalent  to  the  centrifugal  force  of  the  fluid 

1  2 
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ip  both  arms.  And  this  is  equi\'alent  to  the  augmentation  o/ 
power  at  the  apertures,  because  fluids  press  equally  in  all  direc- 
tionff. 

4.  The  inertia  of  the  fluid  greatly  counteracts  the  effects  of 
the  centrifugal  force.  The  inertia  of  the  rotatory  tube  with  the 
contained  fluid  would  not  continue  to  resist  the  moving  power 
after  the  velocity  became  uniform,  were  the  same  fluid  retained 
in  it  as  was  in  it  when  the  motion  was  first  imparted :  but  as 
this  passes  off,  and  there  is  a  continual  succession  of  new  matter 
ftcquiring  a  motion  in  the  direction  of  the  rotation,  there  mUst 
be  a  constant  re-action  against  the  sides  of  the  tube,  equal  to  fte 
communicating  force.  Now  thb  re-aqtion  is  very  differeiit 
from  that  of  a  fluid  confined  in  the  tube,  when  it  begins  to 
move ;  because  a  particle  at  the  extremity  of  the  tube  is  not  to 
receive  its  whole  circular  motion  there,  but  gradually  acquires 
it  by  a  uniform  acceleration  during  its  passage  along  the  tube : 
90  that  we  must  here  enquire  what  force  will  give  to  die  quantity 

of  water  alw^  in  the  time  -:  of  its  passing  through  its  respective 

horizontal  arm,  the  velocity  — ,  in  the  direction  of  the  ^pei^ 
ture.  Managing  this  according  to  the  rules  given  for  forces 
in  the  Dynamics,  we  shall  have  j —  x  — r —   =  19*6878 

— ,  for  the  resistance  in  lbs.  opposed  to  each  arm,  such  resist- 
ance being  estimated  as  if  accumulated  at  the  distance  \l  from 
the  centre  of  motion. 

5.  Acquired  velocity  of  the  water.  According  to  the  theory  of 
Hydraulics,  the  velocity  of  water  issuing  through  an  aperture  at 
the  depth  h  below  the  upper  surface  of  a  reservoir  is  iexpressed 
by  a-0208  v^  A,  which,  when  reduced,  in  conformity  with  the  ex- 
periments of  Bossut  and  others,  becomes  5  s/h  very  nearly ;  and 
tliis  is  the  velocity  of  the  water  passing  out  of  the  tubes  at  the 
commencement  of  the  rotation.     Theiiy  as  \/(2aAw):  5  v/A  :  : 

K/i%ahw  +  16-70625  ~)  :  ^sjih  +  38-:f53I2  ^)  =  5 

k/  \h  +  '61365  '-^)  zz  V,  the  acquired  velocity  of  the  water. 

6.  Ratio  of  the  central  force  to  the  inertia.  This  will  be  as- 
certained  by  substituting  for  v  in  the  expression  19*68'I8   —  its 

value  just  found;  so  that  we  have  98*439  ^  X  a  /(•61365  + 
•y  ^  for  the  inertia,  while  tlie  centrifugal  force  is  measured  bj 


V( 
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^fi-lfOeai  ^.     Now  w«  find  diat  7C-70625  ^  :  98*439  ^  X 
^QeiSeS+  5)  •  •  ^  •  1^2833  a/(-61365+  ^),oras  1 : 

1  +  — rj — ^y  very  nearly;  ¥^bich  is  tbe  ratio  of  the  power 

ipiined  by  the  centrifugal  force  to  the  obstruction  arising  from 
inertm.  Whence  it  appears  tbat  the  latter  is  greater  tl^n  die 
former,  except  when  ^  =  0,  A  =  0,  or  /=:  oo ,  cases  never  occur- 
rii^  in  practice ;  and  that  the  longer  the  arms,  the  less  tbe  fall  of 
water^  and  the  greater  the  velocity  of  rotation,  tbe  nearer  these 
forces  approach  to  tbe  ratio  of  equality. 

€•  AajuMment  of  the  parts  and  motion.  Here  it  must  be  par- 
ticularly observed,  that  the'  centrifugal  force  i^ould  not  exceed 
the  gravity  of  the  water  revolving  m  the  arms  gd^  g.e ;  for  in 
that  case  the  water  would  be  drawn  into  the  tube  faster  than  it 
could  be  naturally  supplied  at  its  entrance,  by  the  velocity 
proper  to  that  depth,  and  of  consequence  a  vacuum  must  be 
occasioned :  nor  should  the  velocity  of  the  apertures  be  greater 
than  half  that  of  the  water  through  them ;  for  the  apertures 
being  still  adapted  in  point  of  magnitude  to  the  velocity,  the 
effluent  quantity  or  number  of  acting  particles  is  as  the  time, 
the  momentum  is  in  the  simple  ratio  of  the  relative  velocity,  and 
tberf^ore  (art.  472,  cor.  3.  vol.  I.)  the  greatest  effect  will  be 
produced  when  the  velocity  of  the  apertures  is  equal  to  half  tha) 
^e  to  the  head  of  water.  These  two  conditions  expressed  al 
gebraically  will  furnish  the  equations, 

76-70625  -^  =  2alw ^-^»/{h+l)i 

•  * 

firom  which  equations  we  deduce  the  following. 

As  9-29345;  =  15-1446^* 
•6296^*  =  -1076  A 
•61365Z  =r  ••06603A 
Whence  it  appears  that  A,  /,  and  ^,  are  nearly  in  the  constant 
fatio  of  15,9^,  and  ]. 

Still  it  should  be  observed  that  while  I  and  t  are  preserved 

m  a  constant  ratio,  the  values  of  76-70625  ~,  and  of  12«273  — ^ 

i.  €•  of  the  central  force  and  of  the  inertia  must  remain  the 
aame :  so  that  the  brachia  may  be  made  of  any  length  at  plea- 
sure (not  less  than  -1076A)  if  the  time  of  revolution  be  taken 
in  a  corresponding  proportion,  or  so  that  the  velocity  of  the 
apertures  undergo  no  variation,  which  will  be  ensured  by  mak- 
ins  ^  =  v^ -61365/:  for  a  double  or  triple  radius,  revolving  in 
a  douMe  or  triple  time,  or  with  half  or  a  third  the  angular 
velocity,  has  the  same  absolute  yelocity  at  the  extremity ;  and, 
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with  the  same  power  there  applied,  will  produce  the  same  effiecf. 
Hence, 

7.  The  moving  force  and  velocity  of  the  machine^  when  the 
effect  is  a  maximum^  may  be  found.   For,  if  we  put  *61365/  for 

<*,  and  9*2934.5/  for  h  in  the  expression  a  /  (  1  +  — jT^/    *!• 

becomes  -v/  ( I  +  3)  =  2 ;  in  which  case  $he  resistance  of  ineftii^ 
IS  just  double  the  central  force,  or  the  gravity  of  the  water  in  th^ 
tube  =  \25al,  which  taken  from  the  impelling  force  leaves  62*4 
iah  + 1)  —  125a/  =  e^'^Sa  (A  -  /  j  ==  B5'115ah  lbs.  ayoirdupoif 
=s  the  real  moving  force,  at  the  distance  of  the  centres  of  the 
apertures  from  the  centre  of  motion,  t  being  taken  =  'lOTfiA* 
And  by  a  like  substitution  the  velocity  i\/(Ji+l),  become^ 
4%/(l*107j5A)  =  2.63205  •A,  feet  per  second. 

'  8.  ^rea  of  the  apertures.  If  a  —  the  area  of  a  section  of 
the  race  perpendicular  to  the  direction  of  its  motion,  v  =  it$ 
velocity  per  second,  both  in  feet,  a  and  h  as  before ;  then  it 

will  be  A V  =  lOa  A/ (*  +  '6 1 365 -)  cubic  feet  =  the quan«^ 
tity  of  water  emitted  per  second,  by  both  apertures :  hence  a  == 
U-2732v^fc  =  \   '      ,  the  area  proper  for  one  of  the  aper- 

Jtures.  I 

From  the  preceding  investigation  we  may  deduce  the  follow^ 

log 

East/  practical  rules. 

1.  Make  each  arm  of  the  horizontal  tube,  from  the  centre  of 
motion  to  the  centre  of  the  aperture,  of  any  convenient  lengthy 
iaot  less  than  |-  of  the  perpendicular  height  of  the  water's  surface 
above  these  centres. 

2.  Multiply  the  length  of  the  arm  in  feet,  by  •61365,  and 
take  the  square  root  of  the  product  for  the  proper  time  of;a  re- 
volution in  seconds ;  and  adapt  the  other  parts  of  the  machiner]^ 
to  this  velocity :  or,' 

3.  If  the  time  of  a  revolution  be  given,  multiply  the  square 
of  this  time  by  1*6296  for  the  proportional  length  of  the  arm  ij^ 
'feet.'""  ■       '      ^ 

4.  Multiply  together  the  breadth,  depth,  and  velocity,  per 
second  of  me  race,  and  divide  the  last  product  by  14*27  time^ 
Ae  square  root  of  the  height,  for  the  area  of  either  aperture; 
or,  multiply  the  continual  product  of  the  breadth,  deptb^  and 
velocity,  of  the  race,  by  the  square  root  of  the  height,  and  by 
the  decimal  '07;  the  last  product,  divided  by  the  heigh^wil| 
jeive  the  area  of  the  aperture.  *' 
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5.  Multiply  die  area  of  either  aperture  by  the  height  of  the 
head  of  water,  and  the  product  by  S5'115  (or  56  lbs.),  for  the 
moving  force,  estimated  at  the  centres  of  the  apertures  in 
pounds  avoirdupois. 

6.  The  power  and  velocity  at  the  apertures  may  be  easily  re- 
duced to  any  part  of  the  machinery,  by  obvious  rules. 

BAR0M£T£R,  a  well-known  instrument  for  measuring 
the  weight  or  pressure  of  the  atmosphere,  and  the  variations 
thai  happen  therein,  in  order  .to  indicate  the  changes  in  the  wea- 
ther, or  the  changes  in  vertical  distance  from  any  point  upon 
the  earth's  surface. 

We  shall  here  describe  a  few  of  the  most  useful  constructions 
of  the  barometer,  and  shall  begin  with 

J^he  Common  Barometer.  This  is  represented  at  fig.  1.  plate 
VII.  such  as  it  was  invented  by  Torricelli.  ab  is  a  glass  tube, 
of  ;^,  or|>,'or  i  inch  wide,  the  more  the  better,  and  about  34 
inches  long,  being  close  at  the  top  a,  and  the  open  end  b  imf- 
mersed  in  a  basin  of  quicksilver  cd,  which  b  the  better  the 
wider  it  is.  To  fill  this,  or  any  other  barometer,  take  a  clean 
pew  glass  tube,  of  the  dimensions  as  above,  and  pour  into  it  well- 
purified  quicksilver,  with  a  small  funnel  either  of  glass  or  paper, 
m  a  fine  continued  stream,  till  it  wants  about  half  an  inch  or  an 
inch  of  being  full ;  then,  stopping  it  close  with  the  finger,  invert 
it  slowly,  and  the  air  in  the  empty  part  will  ascend  gradually  to 
the  other  end,  collecting  into  itself  such  other  small  air  bubbles 
as  unavoidably  get  into  the  tube  and  mix  with  the  mercury, 
in  filling  it  with  the  funnel :  and  thus  continue  to  invert  it  se- 
veral times,  turning  the  two  ends  alternately  upwards,  till  all 
|he  air  bubbles  are  collected,  and  brought  up  to  the  open  end 
of  the  tube,  and  till  the  part  filled  shall  appear,  without  speck, 
like  a  fine  polished  steel  rod.  This  done,  pour  in  a  little  more 
quicksilver,  to  fill  the  empty  part  quite  full,  and  so  exclude  all 
air  from  the  tube :  then,  stopping  the  orifice  again  with  the 
finger,  invert  the  tube,  and  immerse  the  finger  and  end,  thus 
^topped,  into  a  basin  of  like  purified  quicksilver.  In  this 
position  withdraw  the  finger;  so  shall  the  mercury  descend  ia 
the  tube  to  some  place,  as  h,  between  28  and  31  inches  above 
that  in  thjs  basin  at  f,  as  these  are  the  limits  between  which 
it  always  stands  in  this  country  on  the  common  surface  of  the 
earth.  Thep  measure,  from  the  surface  of  the  quicksilver  in 
the  basin  at  f,  ^8  inches  to  k  and  31  inches  to  L,  dividing  the 
ppace  between  them  into  inches  and  tenths,  which  are  marked 
on  a  scale  placed  against  the  side  of  the  tube ;  and  the  tenths 
are  subdivided  ii|to  hundredth  parts  of  an  inch  by  a  sliding 
ipl#x  carrying  a  vernier  or  nonius.  These  3  inches,  betwe^ 
29  aad  31i  so  divided^  will  answer  for  all  the  ordinary  purposes 
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of  a  stationary  or  chamber  barometer;  but  for  experiments  on 
altitudes  and  depths  it  is  proper  to  have  the  divisions  earned  on 
a  little  higher  up,  and  a  great  deal  lower  down;  In  ^he  proper 
filling  and  otherwise  fitting  up  of  the  barometer,  sevei^al  circum- 
stances are  to  be  carefully  noted ;  as,  that  the  bore  of  the  tube 
be  pretty  wide,  to  allow  the  freer  motion  of  the  quicksilveif', 
without  being  impeded  by  an  adhesion  to  the  sides ;  that  tbe 
lasin  belo\y  it  be  also  tolerably  large,  in  order  that  the  surface 
of  the  mercury  at  f  may  not  sensibly  rise  or  fall  with  that  in  the 
tube ;  that  the  bottom  of  the  tube  be  cut  oflF  ratber  obliquely^ 
80  that  when  it  rests  on  the  bottom  of  the  basin  there  may  be  i 
free  passage  for  the  quicksilver ;  and  that,  to  have  the  'quick- 
.  4|ilver  very  pure,  it  is  best  to  boil  it  in  the  tube,  which  will 
expel  all  the  air  from  it.  This  barometer  is  commonly  fitted 
lip  in  a  ne£^t  niahog^ny  case,  together  with  a  thermometer  anc^ 

iiygrometer. 

2.  As  the  scale  of  variation  is  small  in  the  codnmon  baro- 
meter, being  not  more  than  3  inches,  several  (Contrivances  hav^ 
been  devised  to  enlarge  the  scale,  or  to  render  the  motion  of 
the  quicksilver  more  perceptible.  Among  the  best  of  these  Is 
that  known  by  the  name  of  Diagonal  Barometer,  represented 
IP  fig.  2.  where  AUG  is  a  tube  hermetically  sealed  at  c,  and 
^minersed  in  a  basin  of  mercuiy  at  A.  This  tube  is  pe^• 
pendicular  from  a  to  b,  where  the  scale  of  variation  begins ; 
but  is  there  bent  into  the  form  bc,  making  an  acute  angle  VBC« 
Tliis  part  BC  extends  to  the  highest  litnit  in  the  scale  of  varift* 
Jion,  vi^.  ig;  and  consequently  while  the  mercury  rises  from  K 
fo  i^  in  the  common  barometer,  it  will  move  in  this  from  b  tn 
p,  enlarging  the  scale  of  variation  in  the  proportion  of  BC  tb 
FB  ;  that  is,  of  the  diagonal  to  the  least  side  of  the  parallelq* 
gram. 

But  this  barometer  is  attended  with  one  great  inconvenience, 
which  lessens  \ts  utilit/.  Quicksilver  being  a  very  heaVy  body, 
and  supported  on  the  part  Be,  forming  an  inclined  plane,  it 
inust  hav^  ja  very  cohsiderable  degree  of  friction,  which  will  he 
increased  in  proportion  as  the  part  bc  is  more  oblique ;  and 
consequently  the  very  small  and  nice  variation  of  the  air^ 
pressure  cannot  b^  so  accurately  indicated  in  this  as  in  the 
common  form.  It  also  very  often  happens,  from  the  inclinaf- 
tjon  of  the  part  bc,  that  the  quicksilver  divides  into  Sfeveral 
parts,  and  thence  frequently  requiries  the  trouble  of  re-filling 
the  tube.  This  barometer  was  invented  by  Sir  Samuel  More* 
land. 

3.  Cassini  invented  another  kind  of  barometer,  in  order  to 
enlarge  the  scale  of  variation ;  an  invention  which  was  afteiv 
iiv^rds  completed  by  M:  John  Bernoulli.    It  consists  of  tttubci 
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iCDF  (fig.  3.)  hermetically  sealed  at  A,  and  bent  to  a  right 
^gle  at  D ;  whence  it  has  acquired  the  name  of  the  horizontal 
i^ctangular  barometer.  The  mercury  stands  in  both  the  legs 
from  £  to  B ;  the  scale  of  variation  from  a  to  c  is  made  in  a 
Jarger  part ;  and  it  is  evident,  that  in  moving  three  inches  from 
A  to  c  it  will  move  through  so  many  times  three  inches  in  the 
email  leg  df  as  the  bore  of  df  is  less  than  the  bore  of  ac  ; 
whence  the  motion  of  the  mercury  at  £  must  be  extremely 
sensible.  But  the  inconvenience  here  too  is,  that  the  mercury 
iff  very  apt  to  break  off  in  the  leg  e,  as  well  as  to  run  out  at  the 
end  £.  Here  is  also  a  great  degree  of  friction,  and  at  the  same 
time  the  attraction  of  cohesion  will,  from  the  smallness  of  the 
Jbore  D  F,  impede  the  free  motion  of  the  mercury. 

4.  The  Pendant  Barometer  is  made  in  another  fiorm^  con- 
sisting of  a  single  tube  suspended  by  a  string  fastened  to  the 
end  A  (iig.  4.)  This  tube  is  of  a  conical  or  tapering  form^  the 
end  ^  being  a  little  less  than  that  at  b.  It  is  hermetically  sealed 
at  A,  and  filled  with  mercury  :  then  will  the  mercury  sink  to  its 
common  station,  and  admit  a  length  of  altitude  cd,  the  same 
with  that  in  the  common  barometers.  But,  from  the  conical 
iMNne  of  the  tube^  the  mercury  will  descend  as  the  air  becomes 
lighter,  till  it  reaches  its  lowest  altitude,  when  the  mercury  will 

-stand  from  the  lowest  part  of  the  tube  b  to  e  ;  so  that  B£  =  ^8 
inches:  and  consequently  the  mercury  will,  in  such  a  tube, 
]piM>ye  from  a  to  £,  or  32  inches,  if  the  tube  be  five  feet  long; 
so  that  the  scale  A£  may  here  be  made  more  than  10  times 
greater  than  that  of  the  comn^ou  barometer.  The  inconve- 
mente  attending  this  barometer  is,  that  as  the  tube  must  be 
made  of  a  very  small  bore,  to  prevent  the  mercury  from  falling 
out  by' an  acfcidental  shake,  the  friction  and  adhesion  to  the  sides 
of  the  tube  prevent  that  freedom  of  motion  necessary  to  shew  a 
irery  small  variation  in  the  weight  of  the  air. 

5.  Mr.  Rowning  had  several  contrivances  for  enlarging  the 
scale^  and  that  in  any  proportion  whatever.     One  of  these  is 

'  described  in  No.  427.  Phil.  Trans,  and  has  now  obtained  the 
name  of  Bowning*8  Barometer:  it  is  represented  at  fig.  5.  where 
ABC  is  a  compound  tube,  hermetically  sealed  at  A,  and  open  at 
C ;  empty  from  A  to  d,  filled  with  mercury  from  thence  to  B, 
aed  thence  to  £  with  water.  Here,  by  varying  the  proportions 
of  the  two  tubes  af  and  fc,  the  scale  of  variation  may  be 
changed  in  any  degree. 

6.  Dr,  Hookers  Wheel  Barometer  was  invented  about  1668, 
and  is  likewise  intended  to  render  the  alterations  in  the  state  of 
the  air  more  perceptible.     Here  the  barometer  tube  has  a  large 

-ImII  ab  at  the  top  (fig.  9*  pl«  VII.},  and  is  bent  up  at  the  lower 
^  open  rad,  wnere  aa.iroii  ball>  O;  floats  on  the  top  of  the 
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mercury  in  the  tube,  to  which  is  connected  another  ball,  H,  by 
a  cord,  hangbg  freely  over  a  pulley,  turning  an  index  KL  about 
itg  centre.  When  the  mercury  rises  in  the  part  fg  it  raises  the 
ball,  and  the  other  ball  descends  and  turns  the  pulley  with  tht 
index  round  a  graduated  circle  from  n  towards  m  and  P  ;  and 
the  contrary  way  when  the  quicksilver  and  the  ball  sink  in  die 
bent  part  of  the  tube.  Hence  the  scale  is  easily  enlarged  ten  or 
twelve  fold,  being  increased  in  proportion  as  the  length  of  the 
index  exceeds  the  radius  of  the  pulley.  But  then  the  frictioti 
of  the  pulley  and  axis  greatly  obstructs  the  free  motion  of  di9 
quicksilver.  Contrivances  to  lessen  the  friction  are  described 
in  Phil.  Trans,  vol.  52  and  60.  In  Nicholson's  Journal,  No, 
9,  New  Series,  the  rev.  James  Wilson  has  described  a  method 
of  increasing  the  sensibility  of  the  barometer,  ad  libitumii 
which  is  very  ingenious ;  but  need  not  be  inserted  here ;  for 
this,  and  all  contrivances,  having  the  same  end  in  view,  are  not 
superior,  but  often  inferior,  to  the  common  barometer,  for 
ell  philosophical  purposes ;  and  that  foif  a  reason  which  admits 
of  no  reply.  Their  scale  must  be  determined  in  all  its  parts 
hy  that  of  the  common  barometer ;  and,  therefore,  notwithr 
standing  their  great  range,  they  are  susceptible  of  no  greater 
accuracy  than  that  with  which  the  common  barometer  can  be 
observed  and  measured.  And  besides  this,  these  compound 
barometers  have  an  additional  source  of  error,  in  the  action  of 
cohesion,  the  operation  of  friction,  &c.  So  that,  except  (per- 
haps) for  mere  chamber  purposes,  the  common  construction  of 
the  barometer,  with  a  nonius  applied  to  its  scale,  is  greatly  pr^ 
ferable ;  and  our  attention  should  be  entirely  directed  to  its  im- 
provement and  portability. 

7.  This  leads  us  to  speak  of  the  construction  of  aportabU 
Barometer,  which  may  be  carried  from  one  place  to  anotheir 
without  being  rendered  unfit  for  use ;  and  is,  therefore,  ready 
to  be  adopted  at  all  times  in  the  mensuration  of  altitudes,  &c« 
In  this  barometer  the  end  of  the  tube  is  tied  up  in  a  leathern 
bag,  not  quite  full  of  mercury,  which  being  pressed  by  the  air 
forces  the  mercury  into  the  tube,  and  keeps  it  suspended  at  its 
height.  This  bag  is  usually  enclosed  in  a  box,  thrqugh  the 
bottom  of  which  passes  a  screw,  by  whose  means  the  mercurj 
may  be  forced  up  to  the  top  of  the  tube,  and  prevented  from 
breaking  it  by  dashing  against  the  top  when  the  instrument  i^ 
removed  from  one  station  to  another.  Mr.  Patrick  was,  we 
believe,  the  first  who  made  a  contrivance  of  this  kind;  but  the 

Sortable  barometer  has  received  various  improvements  since  bj 
f .  de  Luc,  Sir  Geo.  Shuckburgh,  Gen.  Roy,  Mr.  RamsdeOj^ 
and  others*  Fig.  8.  pi.  VII.  represents  this  instrument  as  en- 
closed  in  its  mahogany  cas^  by  means  iof  three  metallic  riiifi 
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hi  b,  b.    This  ease  is  a  hollow  cone^  so  shaped  within  as  steadily 

to  contain  the  body  •£  the  barometer,  and  is  divided  into  three< 

Innocbes  from  a  to  c,  forming  three  legs  or  supports  for  the 

instrument  when  observations  are  making,  and  sustaining  it  at 

jthe  part  g  of  the  case ;  by  an  improved  kind  of  gimbals,  as  it 

appears  in  fig.  6.  in  which  its  own  weight  renders  it  sufficiently 

fiitsAj  at  any  time.     In  the  part  of  the  frame  ag  where  the 

barometer  tube  appears  a  long  slit  or  opening  is  made,  so  that 

the  column  of  mercury  may  be  seen  against  the  light,  and  the 

iremier  piece,  iz,  brought  down  to  coincide  very  nicely  with  the 

e(%e  of  the  mercury.      When^  the  instrument  is  fixed  in  its 

stand,  the  screw,  f^  is  to  be  turned  to  let  the  mercury  down  to 

its  proper  position,  and  a  peg  at  p  must  be  loosened,  in  order 

that  the  external  air  may  be  admitted  to  act  upon  the  mercury 

contained  in  the  box  b.     The  proper  adjustment  or  mode  of 

observing  the  zero  or  0  division  of  the  column  of  mercury  is  by 

observing  it  in  the  transparent  part  of  the  box  by  which  has  a 

glass  reservoir  for  the  quicksilver,  and  an  edged  piece  of  metal 

attached  to  the  external  part  of  it ;  with  the  edge  of  which  the 

mercury  is  to  be  brought  into  contact,  by  turning  the  screw  f 

to  the  right  or  left,  as  occasion  requires.     The  vernier  piece  at 

a,  which  determines  the  altitude  of  the  mercurial  columu,  is 

first  brought  down  by  the  hand  to  a  near  contact,  and  then 

accurately' adjusted  by  tuniing  the  screw  A  at  the  top.    TIh^ 

divisions  annexed  to  the  tube  of  this  instrument  may  be  of  any 

kind,  or  of  any  degree  of  minuteness,  according  to  the  purpose 

it  is  intended  to  serve.     To  accommodate  it  to  the  use  of  fo- 

reigners  as  well  as  the  English,  there  are  commonly  added 

scales  of  both  French  and  English  inches,  with  the  requisite 

sabdivisions.      It  is  usual  to  place  die  French  scale  of  inches 

oa  die  right  side  at  ag  from  If  to  31  inches,  measured  from  the 

zero  or  sur&ce  of  the  niercury  in  the  box  b ;  each  inch  being 

divided  into  lines  or  12th  parts,  and  each  line  subdivided  by  the 

▼ernier  into  10th  parts :  so  that  the  length  of  the  mercurial  co- 

lonm  may  be  determined  to  the  120th  part  of  a  French  inch. 

Tbe  other  scale,  which  is  placed  on  the  left  side  of  the  instru« 

aient,  is  divided  into  20th  parts  of  inches,  and  these  again  into 

S5(h  parts  by  means  of  the  vernier ;  thus  measuring  to  500th^ 

of  an  English  inch :  and  the  divisions  on  the  vernier  scale  are 

narked  double  what  they  really  are,  in  order  that  the  measures 

Joay  be  expressed  in  thousandth  parts  of  an  inch,  for  the  con- 

yeni^ice  of  calculation. 

To  this  instrument  a  thermometer  is  always  attached,  as  a 
Messary  appendage ;  being  fastened  to  the  body  at  c,  and  sank 
into  tbe  surAice  of  die  frame  to  preserve  it  frSni  injury :  the 
iic|[teea<rf  diii  therfnometer  are  generally  marked  so  as  to  indn 
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cate  the  divisions  both  of  Fahrenheit's  and  of  Reaumur's  8ca]e# 
(See  Thermometer.)  Also  on  the  right  hand  ef  these  two 
scales  is  a  third,  called  scale  of  correction^  with  the  words  add 
and  subtract  niarked ;  thus  serving  to  shew  the  necessary  cor 
rection  of  the  observed  altitude  of  the  mercury,  at  any  given 
temperature  of  the  air  indicated  by  the  thermometer. 

A  very  considerable  improvement  in  the  construction  of  the 
portable  barometer  has  been  made  by  Sir  H.  C.  Englefield.     In 
his  construction  lightness,  firmness,  and  ease  of  application,  are 
blended.     The  barometer  tube  is  about  33|  inches  in  length  ; 
its  bore  one  tenth  of  an  inch  in  diameter,  and  the  external 
diameter  three  tenths  of  an  inch.    The  cistern  is  of  box,  per- 
fectly cylindrical,  an  inch  in  its  internal  diameter,  and  an  inch 
in  depth.    A  short  stem  projects  from  its  top  (when  in  thepo^ 
sition  for  observations),  to  give  a  firmer  hold  to  the  tube.    This 
stem  has  a  perforation  sufficiently  large  to  admit  the  tube, 
which  is  glued  to  it  in  the  usual  way.     The  tube  reaches  to  the 
middle  of  the  depth  of  the  cylinder,  the  bottom  of  which  is 
closed  by  a  screw-cap  and  leather.     This  tube  being  filled,  and 
boiled  in  the  common  way,  and  the  instrument  held  inverted  in 
a  perpendicular  positioja,  mercury  is  poured  into  the  cistern 
till  it  is  filled  within  a  fifth  of  an  inch  of  the  top  :  then,  the  lid  is 
jirmly  screwed  on,  and  secured  from  being  opened  by  a  small 
screw  passing  through  its  side.     The  end  of  the  tube  in  the 
cistern  can  never  be  uncovered  by  the  mercury  in  any  possible 
position,  and  of  course  no  air  can  ever  enter  it t  -and  since  the 
areas  of  the  cistern  and  the  tube  are  as  th^  squares  of  the  dia- 
meters, it  may  easily  be  shewn  that  the  mercury  must  fall  18f 
inches  before  the  cistern  is  quite  full,  a  space  more  than  adequate 
to  the  measure  of  the  highest  mountains  on  the  earth..    When 
this  barometer  is  set  upright  the  atmosphere  acts  upon  it  throngfa 
the  pores  of  the  wood.    The  variations  of  altitude  in  this  in- 
strument, when  the  dimensions  are  as  above  stated,  will  be  one 
ninety-first  part  less  than  in  a  barometer  furnished  with  an  ap- 
paratus for  bringing  the  surface  of  the  mercury  in  the  cistern  to 
a  fixed  level :  this  defect  might  be  remedied  by  a  corresponcU 
ent  division  of  the  scale ;  but  it  is  much  more  convenient  to 
divide  the  scale  to  real  inches,  and  make  the  necessary  allowance 
in  the  result.    This  barometer  is  mounted  in  a  mahogany  tube 
pf  the  size  of  a  walking-stick,  and  has  attached  and  detached 
thermometers. 

For  the  observation  of  the  height  of  the  mercury,  two  oppo- 
site slits  are  cut  in  the  mahogany  tube,  reaching  from  about  32 
to  20  inches,  for  the  longer  scales,  or  from  32  to  25  for  sudi 
as  are  intended  to  be  used  in  this  country.  The.  front  slit  iias 
its  sides  beveliedi  and  is  exteriorly.about  f.of  an  inch-mridli} 
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hiving  a  brass  plate  fixed  on  one  side,  divided  as  usual,  to 
inches,  tenths^  and  twentieths.  On  this  plate  slides  a  nonius 
moveable  by  a  smallUcnob,  which  reads  off,  as  in  other  baro- 
meters, to  the  50()th  of  an  inch :  to  this  nonius  is  attached  a 
imall  portion  of  brass  tube,  which  embraces  the  barometer 
tube ;  its  lower  edge  being  in  observation  made  a  tangent  to  the 
convex  surface  of  the  mercury,  as  in  other  well-constructed 
barometers,  and  the  very  narrow  slit  behind  furnishes  sufficient 
light  for  observation. 

When  Sir  Henry  proposes  to  make  an  observation,  about 
five  minutes  before  he  arrives  at  the  place  he  takes  out  the  de- 
tached thermometer  from  its  place  in  the  end  of  the  mahogany 
tube,  holding  it  by  the  upper  end  at  nearly  arm's  length  from 
his  body,  and,  if  the  sun  shines,  in  the  shade  of  his  person  :  it 
very  soon  takes  the  temperature  of  the  air,  and  is  not  sensibly 
affected  by  the  heat  of  the  hand.  The  heat  being  observed  and 
written  down,  the  barometer  is  turned  up,  the  brass  tube  half 
turned,  and  the  instrument  held  between  the  finger  and  thumb 
of  the.  left  hand  above  the  slide,  so  as  to  let  it  hang  freely  in  a 
vertical  position.  Since  few  persons,  if  any,  have  sufficient 
steadiness  of  hand  to  prevent  little  vibrations  in  the  mercuiy  in 
this  position;  the  hand  should  be  either  rested  against  any  fixed 
body,  or,  if  no  such  occurs,  by  kneeling  on  one  knee ;  the  cis* 
temahould  be  let  down  so  as  to  touch  the  ground,  the  left  hand 
holding  the  barometer  in  a  vertical  position,  which  a  little 
practice  will  render  easy.  The  index  must  then  be  moved  by 
the  knobs  fill  its  under  surface  is  tangent  to  the  mercury  :  and 
a  few  slight  taps  should  be  given  to  the  tube,  to  ascertain  that 
the  mercury  is  fallen  as  low  as  it  can.  The  height  being 
tiien  read  off  and  registered,  together  with  that  of  the  attached 
Aennometer,  the  brass  tube  is  turned  back  so  as  to  cover  the 
alits,  the  instrument  gently  inverted ;  and  the  whole  is  finished 
ip  about  two  minutes. 

Sir  Henry  does  not  detail  the  rules  by  which  the  altitude  may 
be  dflduced  from  the  observations,  since  these  have  been  given 
by  many  authors.  But  he  furnishes  a  table  which  indeed  is  en- 
graven on  the  barometer,  that  will  enable  a  traveller  to  com- 
pute altitudes  with  great  facility ;  the  results  not  deviating  far 
from  the  truth.  He  remarks  that  observations  with  a  single  ^ 
barometer  may  lead  to  tolerably  accurate  results ;  and  states  his 
method  of  proceeding ;  which,  however,  need  not  here  be  de- 
tailed. The  weight  of  this  improved  barometer  does  not  exceed 
a  pound  and  a  half.  The  maker  is  Mr.  Jones,  of  Mount  Street, 
Berkeley  Square. 

Several  minutiae  in  the  mechanical  construction  of  these  in- 
itmmeiits  will  be  more  obvious  from  a  few  miQutes'  inspection 
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than  by  any  further  details  here.  The  niles  fat  theit  tise  in  the 
a^ertaining  of  altitudes  may  be  learnt  by  turning  to  the  theo** 
retic  part  of  this  work :  book  iv. 

BEAM  COMPASSES.    See  Compasses. 

BEER-DRAWING  machines  are  contrivances  by  means  of 
which  the  beer  is  drawn  from  three  or  four  casks  at  once,  from 
cocks  standing  in  one  frame,  in  the  bar  of  a  tavern ,  or  any  con- 
venient place  abpve  a  cellar.  These  machines  are  nothing  else 
than  an  assemblage  of  small  pumps,  either  sucking  or  forcings 
whose  pipes  of  communication  are  attached  to  the  lower  parts 
of  the  respective  casks  from  which  the  liquor  is  drawn.  The 
motion  is  given  to  the  piston  sometimes  by  levers,  at  others 
by  cranks ;  most  frequently,  we  believe,  by  means  of  a  hammer-' 
formed  lever  moving  in  a  vertical  plane. 

BELLOWS,  an  instrument  constructed  for  the  purpose  of 
ftltemately  drawing  and  expelling  air.  In  the  common  culinary 
bellows  die  air  rushes  in  at  a  hole  or  holes  in  the  bottom, 
called  feeders,  over  which  is  a  flapping  valve,  and  is  expelled 
through  a  conical  pipe  called  the  nozzle,  by  means  of  a  kind  of 
mechanism  which  ii  too  well  known  to  need  any  descriptioD 
here. 

It  is  not  the  impulsive  force  of  the  blast  that  is  wanted  in 
most  cases,  but  merely  the  copious  supply  of  air  to  produce  the 
rapid  combustion  of  inflammable  matter;  and  the  service  would, 
in  general,  be  better  performed  if  this  could  be  done  with  mo- 
derate velocities  and  an  extended  surface.  What  are  (called 
air-furnaces,  where  a  considerable  surface  of  inflammable  matter 
is  acted  on  at  once  by  the  current  which  the  mere  heat  of  the 
expended  air  has  produced,  are  found  more  operative,  in  pro- 
portion to  the  air  expended,  than  blast-furnaces  animated  by 
bellows.  There  is,  indeed,  a  great  impulsive  force  required  in 
some  cases  ;  as,  for  blowing  off  the  scoriae  from  the  surface  of 
silver  or  copper  in  refining  furnaces,  or  for  keeping  a  clear  pas- 
sage for  the  air  in  great  iron  furnaces.  But  in  general  we 
cannot  procure  this  abundant  supply  of  air  in  any  other  way 
than  by  giving  it  a  great  velocity  by  means  of  a  great  pressure 
or  impulse ;  the  air  is  admitted  into  a  very  large  cavity,  and 
then  forcibly  expelled  from  it  through  a  small  oritice. 

The  method  of  producing  a  continual  blast  by  a  centrifugal 
force  has  been  long  known,  being  mentioned  by  jlgricola  de 
Ke  Metallica,  lib.  6.  p.  62.  But  the  first  bellows  acting  upon 
this  principle,  of  which  we  recollect  a  distinct  account  amongst 
the  modems,  is  that  invented  by  M.  Teral,  in  1729,  and  de- 
scribed in  the  Recueil  des  Machines  approuvees  par  UAca'^ 
demit  Hoy. /des  Sciences,  tome  5.  This  machine  is  represented 
in  fig.  7.  pi.  VIIL  where  ab  is  a  cubical  box,  with  a  top  rather 
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trched :  to  this  box  is  adapted  a  hollow  pyramidal  frustum  c, 
at  the  extremity  of  which  is  the  tube  or  nozzle  d  ;  the  capacity 
of  the  pyramid  not  being  separated  from  that  of  the  box.  This 
box  contains  an  arbor  or  shaft  carrying  vanes,  as  gf,  posited 
horizontally,  and  which  are  here  placed,  as  it  were,  out  of  the 
box,  that  their  shape  aud  number  may  be  seen.  The  ends  of 
the  arbor  run  in  a  proper  collar  on  each  side  of  the  box,  and  one 
end,  as  f,  passes  through  the  side  of  the  box,  and  carries  a 
pulley :  over  this  pulley  passes  a  cord  or  baud,  which  also  runs 
lound  part  of  a  wheel  hi,  situated  at  some  distance  from  the 
bellows,  and  which  is  turned  by  the  handle  m.  Tims  it  will  be 
manifest,  that  as  this  handle  turns  the  wheel  hi,  it  will,  bj 
means. of  the  band,  turn  the  pulley  f  and  the  arbor  and  vanes^ 
with  a  Telocity  which  will  be  to  that  of  the  wheel  as  the  radiut 
of  die  wheel  to  that  of  the  pulley.  Hence  the  greater  the 
diameter  of  the  wheel,  and  the  less  that  of  the  pulley,  the  more 
rapidly  will  the  exterior  air  (which  enters  by  small  holes  hh^ 
ioto  the  top  of  the  box)  be  driven  by  the  vanes,  and  compressed 
into  the  truncated  pyramid  c,  and  thence  expelled  at  d,  in  a 
eontinued  blast ;  which  will  likewise  be  the  more  violent  the 
greater  the  action  at  the  handle  m.  This  machine,  being  verj 
simple,  is  easily  constructed,  and  at  a  small  expence. 

Another  bellows,  furnishing  a  uniform  blast,  is  described  in 
the  article  Pneumatics,  Encyclopedia  Britannicq,  as  below: 
one  cylinder  is  made  to  deliver  its  air  into  another  cylinder^ 
which  has  a  piston  exactly  fitted  to  its  bore,  and  loaded  with  a 
sufficient  weight.  The  blowing  cylinder  ABCD(fig.  3.  pi.  VIII.) 
lias  its  piston  P  worked  by  a  rod  np,  connected  by  double 
chains  with  the  arched  head  of  the  working  beam  no,  moving 
nmnd  a  gudgeon  at  r.  The  other  end  o  of  this  beam  is  con- 
nected by  the  rod  of  with  the  crank  pq  of  a  wheel-machine ;  or 
it  may  be  connected  with  the  piston  of  a  steam-engine,  &c.  &c» 
The  blowing  cylinder  has  a  valve  or  valves  s  in  its  bottom, 
0|)6ning  inwardls.  There  proceeds  from  it  a  large  pipe  cf, 
wiuch  enters  the  regulating  cylinder  ghki,  and  has  a  valve  at 
tep,  to  prevent  the  air  from  getting  back  into  the  blowing  cy- 
linder. It  is  evident  that  the  air  forced  into  this  cylinder  must 
nuie  its  piston  l,  and  that  it  must  afterwards  descend,  while 
Ae  other  piston  is  rising.  It  must  descend  uniformly,  and 
Btke  a  perfectly  equable  blast. 

Observe,  that  if  the  piston  l  be  at  the  bottom  when  the  ma- 
chine begins  to  work,  it  will  be  at  the  bottom  at  the  end  of  every 
ttroke,  if  the  tuyere  t  emits  as  much  air  as  the  cylinder  abcd 
Avnishes ;  nay,  it  will  lie  a  while  at  the  bottom ;  for,  while  it 
yu  rising,  air  was  -  issuing  through  t.  This  would  make  an 
intttnipted  blavt.    To  prevent  this,  the   orifice   x  must  be 
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lessened ;  but  then  there  will  be  a  surplus  of  air  at  the  end  at 
each  stroke,  and  the  piston  l  will  rise  continually,  and  at  last 
get  to  the  top,  and  allow  air  to  escape.  It  is  just  possible  to 
adjust  circumstances,  so  that  neither  shall  happen,  lliis  is  done 
easier  by  putting  a  stop  in  the  way  of  the  pistol,  and  putting  a 
valve  on  the  piston,  or  on  the  conducting  pipe  kst,  loaded 
with  a  weight  a  little  superior  to  the  intended  elasticity  of  the  . 
air  in  the  cylinder.  Therefore,  when  the  piston  is  prevented  by 
the  stop  from  rising,  the  shifting  valve,  as  it  is  called,  is  forced 
open,  the  superfluous  air  escapes,  and  the  blast  preserves  its 
nniformity. 

The  Hydraulic  Forse  Bellows,  of  Mr.  J.  C.  Homblower,  is 
a  very  ingenious  contrivance,  and  is,  therefore,  described  here. 
This>  invention  is  shewn  in  plate  V. 

A  the  plunger,  or  working  part  of  the  bellows,  18  inchei 
square  within,  which  receives  the  air  *by  a  valve  in  the  hinder 
part  opening  inwards,  which  at  the  stroke  by  the  rockstaff  £ 
throws  it  down  the  tube  indicated  by  the  dotted  lines,  which  has 
a  valve  opening  into  the  reservoir  i>,  whence  it  is  led  to  the 
tuyere  by  the  pipe  p.  Length  of  the  plunger  20  inches,  stroke 
nine  inches.     Diameter  of  p  three  inches ;  of  the  nozzle  0*6. 

The  whole  is  placed  in  a  pit  or  cistern,  having  water  sufficient 
to  rise  to  the  lower  end  of  the  tube  where  the  valve  hangs ;  ihis 
tube  is  die  only  communication  between  the  upper  part  and  the 
reservoir  d  :  when  as  much  water  is  poured  in  round  the  work- 
ing part,  over  the  wash-boards,  as  will  rise  within  five  inches  of 
the  upper  edge  of  them,  the  bellows  is  ready  for  use.  The  little 
frame- work  serves  to  keep  it  from  rising,  and  affords  a  conve- 
nient support  for  the  balance  and  the  rockstaff.  ^JThe  area  of 
the  pit  or  cistern  ought  to  be  at  least  twice  as  much  as  that  of  - 
the  plunger  a. 

Mr.  Homblower  mentions  a  very  striking  difference  between 
the  effect  of  this  bellows  and  a  common  leathered  30-inch 
bellows  in  the  same  shop.  The  leathered  bellows  throws  con^. 
siderably  more  air  to  the  fire,  and  its  nozzle  compared  with 
this  is  as  *7^  to  *60  in  diameter,  but  it  does  not  ptoduce  so 
great  an  effect  in  bringing  on  the  heat,  and  the  noise  of  this  is 
so  great  as  almost  to  drown  that  of  the  common  one.  The. 
only  difference  in  other  respects  is,  that  in  the  hydraulic  bellows 
the  pipe  goes  under  ground  for  about  eight  feet,  and  the  con- 
ducting pipe  of  the  other  comes  down  about  the  same  distance  * 
from  the  shop  above.     {Nicholson's  Jour,  N.  S.  vol.  I.) 

When  bellows  are  made  more  than  usually  large,  for  extensive 
furnaces,  they  have  been  frequently  worked  by  water-wheels. 
But  iron  furnaces  have,  of  late,  been  constructed  of  such  mag- 
nitude that  no  leather  bellows  could  be  made  sullicientlycapa^ 
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eidut ;  and  hence  large  forcing  pumps  have  often  been  substi« 
tated  for  them.  One  of  the  blowing  engines  used  at  the  Carron 
iron  works,  and  constructed  by  the  celebrated  Smeaton,  is 
described^  with  an  illustrative  plate,  in  the  second  volume  of  the 
Pantolooia,  to  which  the  reader  must  be  referred. 

Bellows,  or  blowing  engine  by  water.  A  machine  of  this 
kind,  in  which  the  stream  of  air  is  supplied  by  the  flowing  of 
Water,  has  been  long  employed  at  the  iron  works  of  PouUaouen 
in  France.  The  shower  of  water  in  its  descent  through  the 
vertical  pipe  of  the  machine,  carries  down  a  mass  of  air  along 
with  it  (upon  the  principle  of  the  lateral  adhesion  of  fluids)  119 
the  same  manner  as  a  shower  of  rain  on  the  flat  surface  of  the 
sea,  product  that  temporary  blast  of  wind  which  the  seamen 
term  a  squall.  Its  effects  in  producing  a  blast  of  air  are  infe^ 
rior  to  that  of  the  steam  engine ;  but  in  situations  which  afford 
a  plentiful  supply  and  a  sufficient  fall  of  water;  it  may  fre^ 
qiiently  be  employed  with  advantage. 

BLOCK  MACHiNBRY.  The  machinery  for  manufacturing 
Chip's  blocks  in  the  royal  dock-yard  at  Portsmouth,  invented  by 
Mr.  Brunei,  is  greatly  and  deservedly  celebrated.  A  concise 
account  of  it  is,  therefore,  here  given. 

The  machines  devoted  to  this  purpose  have  been  separated 
into  four  classes.  1.  The  sawing  machine  for  converting  the 
large  timber  into  proper  dimensions  for  the  small  machines  to 
Operate  upon.  2.  Those  machines  which  are  employed  in 
fmning  the  sheaves.  3.  Those  which  form  the  iron  pins  for 
the  blocks.  4.  Those  by  which  the  shells  of  the  bleaks  are 
naaufactured.  They  are  all  worked  by  means  of  two  steam 
engines,  each  of  thirty-horse  power.  Either  of  these  can  be 
applied  indifferently  to  work  the  chain  pumps,  or  for  turning 
Ine  wood-mill;  and  their  power  is  transmitted  by  a  train  of 
wheel-work,  to  a  horizontal  shaft,  extending  along  the  centre  of 
the  middle  building,  very  near  its  roof.  Upon  this  are  a  num- 
ber of  wheels  and  drums,  which,  by  endless  ropes  and  straps^ 
eommunicates  motion  to  the  several  subordinate  machines. 

The  order  of  the  processes  is  this.  The  elm  trees  are  flrst 
cut  into  short  lengths,  proper  to  form  the  various  sizes  of  blocks, 
by  two  large  sawing  machines,  one  a  reciprocating^  the  other  a 
ttrcular  saw.  These  lengths  of  the  trees  are  next  cut  into 
squares,  and  ripped  or  split  up  into  proper  sizes  by  four  sawing 
benches  with  circular  saws,  and  one  very  large  reciprocating 
taw,  which  is  employed  for  cutting  up  the  pieces  for  very  large 
blocks. 

The  scantlings,  thus  prepared  for  the  blocks,  are  perforated 
n  three  boring  machines j  with  a  bole  through  each  to  contain 
the  centre  pin  for  the  sheaves  of  the  block;  and  as  many  other 
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holes  in  a  direction  perpendicular  to  the  former,  as  the  number 
of  sheaves  it  is  to  have ;  these  holes  being  intended  as  the  com^ 
xnencement  of  the  several  mortises  to  contain  the  sheaves. 
'.  The  blocks  are  next  mortised  in  three  mortising  engines^ 
"which  elongate  the  holes  abovementioned  to  their  proper 
dimensions.  Here  the  motion  of  the  sliding  frame  for  the 
chisels  is  communicated  to  it  by  means  of  a  long  working  hetuaa 
or  lever,  extending  the  whole  length  of  the  frame  at  the  top  of 
it.  At  one  end  it  is  united  by  a  connecting  rod  with  die  chisel 
frame ;  and  at  the  other  it  is  fixed  to  an  axis,  which  is  sup^ 
ported  by  the  framing,  and  which  forms  its  centre  of  motion.  A 
connecting  rod  is  joined  to  it  in  the  middle  of  the  beam ;  the 
low^  end  of  which  is  worked  by  a  crank,  formed  in  the  middle 
of  the  main  axis,  which  is  situated  in  a  direction  perpendiculai: 
to  that  which  we  have  described,  and  is  supported  in  the  frami|ij(» 
It  is  pipovided  with  a  cone  for  casting  off  the  movementt  T%e 
engine  with  the  beam  acts  with  surprising  rapidity,  making  up-> 
wards  of  400  strokes  per  minute,  at  every  one  of  which  it  cuts 
out  a  chip  from  each  mortise  as  thick  as  pasteboard.  Its^ 
movement  is,  indeed,  so  rapid,  that  the  chisels  cannot  be  dis- 
tinctly seen  when  it  is  at  work ;  so  that  the  mortises  seem  ta 
lengthen,  and  chips  to  fall  out,  without  any  evident  cause* 

The  angles  of  the  blocks  are  next  cut  off  by  three  circulaiP 
saws,  as  preparatory  to  reducing  them  to  the  ellipUcal  figure. 

The  outside  surfaces  of  the  block  are  then  formed  to  their 
true  figure  by  three  shaping  engines,  each  of  which  forms  every 
part  of  ten  blocks  simultineously. 

.  The  scores,  or  grooves,  round  the  block  are  next  formed^  to 
receive  the  rope  or  strap  by  which  they  are  suspended ;  this  is 
effected  by  two  scoring  engines. 

Then  the  blocks  are  trimmed  by  manual  labour,  to  smooth; 
and  polish  them. 

In  order  to  make  the  sheaves,  the  first  process  is  cutting: 
pieces  or  flakes  off  the  end  of  the  trees  of  lignum  vitas,  of  a 
suitable  thickness  to  form  the  sheaves.  This  is  accomplished 
by  a  reciprocating  and  two  circular  saws.  These  flakes  are 
made  circular,  and  the  centres  pierced  in  two  rounding  and  cen- 
tering machines,  or  trepan  saw. 

A  hole  is  next  excavated  in  the  centre  of  each  sheave,  to  inlay 
the  coak  or  piece  of  bell  metal,  which  is  fitted  into  the  centre 
of  each  sheave,  to  form  a  socket  for  the  centre  pin.  The  centre 
holes  through  the  coaks  are  next  broached  out  to  a  true  cy-^ 
linder  in  three  broaching  machines.  % 

The  last  process  is  turning  the  faces  and  edges  of  the  sheaves 
tp  a  flat  surface,  in  three  facing  lathes,  which  also  form  the 
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ilgmote  round  the  edges  for  them^  for  the  rope  whieh  encom-' 
passes  them  when  in  the  block. 

There  are  also  two  machines  for  making  what  are  denomi-^ 
nated  dead  eyes,  which  are  very  ingenious  and  complete.  The 
whole  number  of  machines  here  employed  is  47-  To  describe 
lliem  minutely  would  require  a  volume.  A  good  account  of 
them,  illustrated  by  excellent  engravings,  may  be  seen  in  Rees^s 
Hew  Ct/clopadiay  art  Machinbry. 

BoKiNO  of  Cylinders,  Ordnance,  Wooden  Pipes^S^c.  See 
Cylinders,  Oronance,  and  Pipes. 

BRAMAH's  MACHINE^  BramaKs  Hydrostatic  Press,  8Cc. 
•—names  which  are  now  commonly  given  to  the  contrivances  of 
Mr.  Bramah  of  Piccadilly,  by  which  he  applied  the  quaqua 
vermm  pressure  of  fluids  as  a  very  powerful  agent  in  many 
Jkinds  of  machinery  requiring  motion  and  force.  These  con- 
^▼ances  (for  which  Mr.  Bramah  took  out  a  patent  in  March 
•1'796)  consist  in  the  application  of  water,  or  other  dense  fluids^ 
to  various  engines,  so  as,  in  some  instances,  to  cause  them  to 
act  with  immense  force  ^  in  others,  to  communicate  the  motion 
and'powers  of  one  part  of  a  machine  to  some  other  part  of  the 
same  machine;  and,  lastly,  to  communicate  the  motion  and 
forpe  of  one  machine  to  another,  where  their  local  situations 
preclude  the  application  of  all  other  methods  of  connection. 

The  first  and  most  material  part  of  this  invention  will  be 

clearly  understood  by  an  inspection  of  fig.  4.  pi.  IX.  where  "A 

is  a  cylinder  of  iron,  or  other  materials,  sufficiently  strong,  and- 

J>ored  perfectly  smooth  and  cylindrical ;  into  which  is  fitted  the 

•piston  B,  which  must  h%  made  perfectly  water-tight,  by  leather 

or  other  materials,  as  used  in  pump-making.     The  bottom  of 

the  cylinder  must  also  be  made  sufficiently  strong  with  the  other 

part  of  the  surface,  to  be  capable  of  resisting  the  greatest  force 

or  strain  that  may  at  any  time  be  required.     In  the  bottom  of 

:the  cylinder  is  inserted  the  end  of  the  tube  c ;  the  aperture  of 

nvhich  communicates  with  the  inside  of  the  cylinder,  under  the 

piston  B,  where  it  is  shut  with  the  small  valve  d,  the  same  as 

the  suction-pipe  of  ^  common  pump.    The  other  end  of  the 

tube  c  communicates  with  the  small  forcing-pump  or  injector 

.  s,  by  means  of  which  water  or  other  dense  fluids  can  be  forced 

or  injected  into  the   cylinder  a,  under  the  piston  b.     Now, 

mippose  the  diameter  of  the  cylinder  a  to  be  12  inches,  and  the 

diameter  of  the  piston  of  the  small  pump  or  injector  e  only 

one  quarter  of  wo^  inch,  the  proportion  between  the  two  surfaces 

or  ends  of  the  said  pistons  will  be  as  1  to  2304 ;  and  supposing 

the  intermediate  space  between  them  to  be  filled  with  water  or 

other  dense  fluid  capable  of  sufficient  resistance,  the  force  of 

one  piston  will  act  on  the  other  just  in  the  above  proportion, 
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viz.  as  1  is  to  2304.  Suppose  the  small  piston  in  the  uijectoy 
to  be  forced  down  when  in  the  act  of  pumping  or  injectSti^ 
water  into  the  cylinder  a,  with  the  power  of  20cwt.  which 
could  easily  be  done  by  the  lever  h  ;  the  piston  B  would  then 
be  moved  up  with  a  force  equal  to  20  cwt.  multiplied  by  2304. 
Thus  is  constructed  a  hydro-mechanical  engine,  whereby  a 
weight  amounting  to  2304  tons  can  be  raised  by  a  simple  lever^ 
through  equal  space^  in  much  less  time  than  could  be  done  by 
any  apparatus  constructed  on  the  known  principles  of  me- 
chanics ;  and  it  may  be  proper  to  observe,  that  the  effect  of  aU 
other  mechanical  combmations  is  counteracted  by  an  accumu- 
lated complication  of  parts,  which  renders  them  incapable  of 
being  usefully  extended  beyond  a  certain  degree ;  but  in  ma- 
chines acted  upon  or  constructed  on  this  principle  every  diffi- 
culty of  this  kind  is  obviated,  and  their  power  subject  to  bo 
finite  restraint.  To  prove  this,  it  will  be  only  necessary  to  re- 
mark, that  the  force  of  any  machine  acting  upon  this  principle 
can  be  increased  ad  injinitumy  either  by  extending  the  proportion 
between  the  diameter  of  the  injector  and  the  cylinder  A,  or  by 
applying  greater  power  to  the  lever  h. 

*^  Fig.  5.  represents  the  section  of  an  ei^ine,  by  which  very 
wonderful  effects  may  be  produced  instantaneously  by  means  of 
compressed  air.     A  a  is  a  cylinder,  with  the  piston  b  fitting 
air-tight,  in  the  same  manner  as  described  in  fig.  4.    c  is  a 
globular  vessel  made  of  copper,  iron,  or  other  strong  materials, 
capable  of  resisting  immense  force,  similar  to  those  of  air-guns* 
D  is  a  strong  tube  of  small  bore,  in  which  is  the  stop-cock  k. 
'One  of  the  ends  of  this  tube  'communicates  with  the  cylinder 
under  the  piston  b,  and  the  other  with  the  globe  c.     Now, 
'suppose  the  cylinder  a  to  be  the  same  diameter  as  that  in  fig.  4. 
and  the  tube  d  equal  to  one  quarter  of  an  inch  diameter,  which 
is  the  same  as  the  injector  fig.  4. :  then,  suppose  that  air  is  in- 
jected into  the  globe  c  fby  the  common  method),  till  it  presses 
against  the  cock  e  witn  a  force  equal  to  20  cwt.  which  can 
easily  be  done ;  the  consequence  wilt  be,  that  when  the  cock  E 
is  opened  the  piston  b  will  be  moved  in  the  cylinder  aa  widi 
a  power  or  force  equal  to  2304  tons  ;  and  it  is  obvious,  as  in  the 
case  fig.  4.  that  any  other  unlimited  degree  of  force  may  be  ac- 
quired by  machines  or  engines  thus  constructed. 

**  Fig.  6.  is  a  section,  merely  to  shew  how  the  power  and 
motion  of  one  machine  may,  by  means  of  fluids,  be  transferred 
or  communicated  to  anotherj  let  their  distance  and  local  situation 
be  what  they  may.  a  and  B  are  two  small  tubes,  smooth  and 
cylindrical ;  in  the  inside  of  each  of  which  is  a  piston,  made 
water  and  air-tight,  as  in  figs.  4.  and  5.  cc  is  a  tube  conveyed 
under  ground,  or  otherwise,  from  fhe  bottom  of  one  cylinder  to 


Bramuh^s  Pttu^  S^.  1  ss 

tb9  other,  to  form  a  communicatioii  between  them,  notwith- 
^tandiDg  their  distance  be  ever  so  great ;  this  tube  being  filled 
with  water  or  other  fluid,  until  it  touch  the  bottom  of  the  piston ; 
then,  by  depressing  the  piston  a,  the  piston  b  will  be  raised. 
The  same  effect  will  be  produced  vice  versa :  thus  bells  may 
be  rung,  wheels  turned,  or  other  machinery  put  invisibly  in 
motion,  by  a  power  being  applied  to  either. 

''  Fig.  7.  is  a  section,  shewing  another  instance  of  connnmii- 
cating  the  action  and  force  of  one  machine  to  another ;  and  ho\^ 
i^ater  may  be. raised  out  of  wells  of  any  depth,  and  at  any 
distance  from  the  place  where  the  operating  power  is  applied* 
A  is  a  cylinder  of  any  required  dimensions,  in  which  is  the 
vrorking  piston  b,  as  in  the  foregoing  examples :  into  the  bottoni 
of  this  cylinder  is  inserted  the  tube  c,  which  may  be  of  less 
bore  than  the  cylinder  a.     This  tube  is  continued,  in  any  re- 

2uired  direction,  down  to  the  pump  cylinder  d,  supposed  to  b^ 
xed  in  the  deep  well  be,  and  forms  a  junction  therewith  above 
the  piston  f  ;  which  piston  has  a  rod  g,  working  through  the 
stuffing-box,  as  is  usual  in  a  common  pump.  To  this  rod  G  i^ 
connected,  over  a  pulley  or  otherwise,  a  weight  h,  sufficient  to 
overbalance  the  weight  of  the  water  in  the  tube  c,  and  to  raise 
the  piston  f  when  the  piston  b  is  lifted:  tbus,  suppose  the 
piston  B  is  drawn  up  by  its  rod,  there  will  be  a  vacuum  made 
in  the  pump  cylinder  d,  below  the  piston  f  ;  this  vacuuin  will 
be  filled  with  water  through  the  suction  pipe,  by  the  pressure  of 
the  atmosphere,  as  in  all,  pumps  fixed  in  air.  The  return  of  the 
piston  Bj  by  being  pressed  downwards  in  the  cylinder  a,  wiU 
make  a  stroke  of  the  piston  in  the  pump  cylinder  d,  which  may 
be  repeated  in  the  usual  way  by  the  motion  of  the  piston  b,  and 
the  action  of  the  water  in  the  tube  c.  The  rod  g  of  the  piston 
F,  and  the  weight  h,  are  not  necessary  in  wells  of  a  depth  where 
the  atmosphere  will  overbalance  the  water  in  the  suction  of  the 
pump  cylinder  n,  and  that  in  the  tube  c.  The  small  tube  and 
cock  in  the  cistern  i  are  for  the  purpose  of  charging  the  tube  c*? 
By  these  means  it  is  obvious  most  commodious  ndachin^g 
of  prodigious  power,  for  tearing  up  trees,  &.c.  and  susceptible 
of  the  sreatest  strength,  may  readily  be  formed.  If  the  same 
flEiBltiplication  of  power  be  attempted  by  toothed  wheels,  pi- 
nions, and  racks,  it  is  scarcely  possible  'to  give  strength  enough 
to  the  teeth  of  the  racks,  and  the  machine  becomes  very  cuiA- 
bersome  and  of  great  expence4  But  Mr.  Bramah's  machine 
may  be  made  abundantly  strong  in  very  small  compass.  It 
<mly  requires  very  accurate  execution.  Mr.  Bramah,  how- 
ever, was  greatly  mistaken  when  he  published  it  as  the  discovery 
of  .a  new  mechanic  power.  The  principle  on  which  it  de- 
pends has  been  well  known  for  nearly  two  centuries ;  and  it  is 
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matter  of  surprise  that  it  has  never  before  been  applied  to  any 
useful  practical  purpose. 

CAMEL  is  the  name  given  to  a  machine  employed  by  th^ 
Dutch  for  carrying  vessels  heavily  laden  over  the  sand-banks  in 
the  Zuyder-Zee.  In  that  sea^  opposite  to  the  mouth  of  die 
river  Y,  about  six  miles  from  the  city  of  Amsterdam,  there  are 
two  sand-banks,  between  which  is  a  passage  called  the  Pampo9, 
sufficiently  deep  for  small  vessels,  but  not  for  those  which  are 
large  and  heavily  laden.  On  this  account  ships  which  are  out- 
ward bound  take  in  before  the  city  only  a  small  part  of  their 
cargo,  receiving  the  rest  when  they  have  got  through  the  Pam- 
pus.  And  those  that  are  homeward  bound  must,  in  a  great 
measure,  unload  before  they  enter  it.  For  this  reason  the  goods 
are  put  into  lighters,  and  in  these  transported  to  the  warehouses 
of  the  merchants  in  the  city ;  and  the  large  vessels  are  then 
made  fast  to  boats,  by  means  of  ropes,  and  in  that  manner 
towed  through  the  passage  to  their  stations. 

Though  measures  were  adopted  so  early  as  the  middle  of  the 
eixteenth  century,  by  forbidding  ballast  to  be  thrown  into  the 
Pampus,  to  prevent  the  further  accumulation  of  sand  in  this 
passage,  that  inconvenience  increased  so  much  from  other  causes 
as  to  occasion  still  greater  obstruction  to  trade ;  and  it  at  length 
became  impossible  for  ships  of  war,  and  others  heavily  laden,  to 
get  through  it.  About  the  year  1612  no  other  remedy  was 
known  than  that  of  making  fast  to  the  bottoms  of  ships  large 
chests  filled  with  water,  which  was  afterwards  pumped  out ;  so 
that  the  ships  were  buoyed  up,  and.rendered  sufficiently  light  to 
pass  the  shallow.  By  this  method,  which  was  attended  with 
the  utmost  difficulty,  the  Dutch  carried  out  their  numerous  fleet 
to  sea  in  the  abovementioned  year.  This  plan,  however,  gave 
rise  soon  after  to  the  invention  of  the  camel,  by  which  the 
labour  was  rendered  easier. 

The  camel  consists  of  two  half  ships,  constructed  in  such 
a  manner  that  they  can  be  applied  below  water,  on  each  side  of 
the  hull  of  a  large  vessel.  On  the  deck  of  each  part  of  the 
camel  are  a  great  many  horizontal  windlasses,  from  which  ropes 
proceed  through  apertures  in  the  one  half,  and,  being  carried 
under  the  keel  of  the  vessel,  enter  similar  apertures  in  the 
other,  from  which  they  are  conveyed  to  the  windlasses  on  its 
deck.  When  they  are  to  be  used,  as  much  water  as  may  be 
necessary  is  suffered  to  run  into  them  ;  all  the  ropes  are  cast 
loose,  the  vessel  is  conducted  between  them,  and  large  beams 
we  placed  horizontally  through  the  port-holes  of  the  vessel, 
with  their  ends  resting  on  the  camel  on  each  side.  When  the 
fopea  are  made  fast^  so  that  the  ship  is  secured  between  the  two 
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imrts  of  llie  camel,  the  water  is  pumped  from  tbem;  by  which 
tEeans  they  rise,  and  raise  the  sjiip  along  with  them.  Each 
half  of  the  camel  is  often  about  127  feet  in  length ;  the  breadth 
at  one  end  is  22,  and  at  the  other  13.  The  hold  is  divided 
into  several  compartments,  that  the  machine  may  be  kept  in 
e<]^uilibrio  while  the  water  is  flowing  into  it.  An  East  India 
diip  that  draws  15  feet  of  water  can,  by  the  help  of  the 
camel,  be  made  to  draw  only  1 1 ;  and  the  heaviest  ships  of  war, 
of  90  or  100  guns,  can  be  so  lightened  as  to  pass,  without  ob- 
struction, all  the  sand-banks  of  the  Zuyder-Zee. 

Leupold,  in  chap.  6.  of  his  Theatrum  Machinarum,  published 
in  1725,  at  Leipsick,  describes  this  machine  under  the  head 
Beschreibung  der  se  genannten  Camele  zu  jimsterdam,  womit 
die  befrachten  Schiffe  uber  dem  Pampas  gebracht  werden,  and 
^ys  It  was  invented  by  Cornelius  Meyer,  a  Dutch  engineer. 
But  the  Dutch  writers  almost  unanimously  ascribe  this  inven- 
tion to  a  citizen  of  Amsterdam,  called  Meuves  Meindertszoon 
Bakker. 

As  ships  built  in  the  Neiva  cannot  be  conveyed  into  harbour, 
on  account  of  the  sand-banks  formed  by  the  current  of  that 
river,  camels  are  employed  also  by  the  Russians,  to  carry  ships 
over  these  shoals :  and  they  have  them  of  various  sizes.  Bernoulli 
^w  one,  each  half  of  which  was  217  feet  long,  and  36  broad. 
Camels  are  used  likewise  at  Venice.  An  engraving  of  the  camel 
may  be  seen  in  VArt  de  hater  les  Faisseaux,  Amsterdam,  1719, 
4to.  vol.  ii.  p,  93. 

CANALS,  motion  of  water  in.    See  Stream. 

CAPSTAN,  a  large  massy  column,  shaped  like  a  truncated 
cone,  placed  perpendicularly  on  the  deck  of  a  ship,  and  turned 
by  levers  or  bars,  which  pass  through  hol^s  pierced  in  its  upper 
extremity;  serving,  by  means  of  a  cable  which  winds  round  the 
barrel,  to  draw  up  burdens  fastened  to  the  end  of  the  cable. 
The  power  of  this  machine  in  its  simplest  state  is  manifestly 
reducible  to  that  of  the  axis  in  periVochio.  There  is  frequently 
attached  to  it  a  tackle  o^puUeys,  but  the  ingenious  contrivance 
described  in  art.  4.  of  the  introductory  part  of  this  volume  is 
far  preferable. 

CASKS,  manufactory  of.  This  is  now  much  facilitated  by 
means  of  the  machinery  for  the  invention  of  which  Messrs. 
Plaskete  and  Brown  took  out  a  patent  in  March  1811. 

The  machinery  described  in  the  specification  of  this  patent 
is  of  the  various  kinds  following,  according  to  the  work  which 
it  is  intended  to  execute. 

Erst — ^The  machinery  for  cutting  out  the  stave,  consists  of  a 
stout  bench,  having  a  board  or  platform  annexed  to  it,  capable 
4of  beipg  moved  endways,  to  which  another  board  is  comiected^ 
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00  arranged  as  to  be  moved  across  it  steadily  by  racks  a«d 
pinions,  or  screM's.  This  last  board  has  a  hollow  part  made  in 
It,  in  which  the  stave-board  may  be  laid,  so  that  one  edge  of  il 
naay  project  clear  beyond  the  edge  of  th^  first  mentioned 
board:  a  circular  saw  is  placed  either  above  or  below  tbe 
bench,  having  its  axis  at  right  angles  to  the  line  of  motion  of 
the  first  mentioned  board,  and  opposed  to  the  direction  of  the 
course  of  the  projecting  part  of  the  stave-board :  this  circular 
aaw  is  made  flat,  when  straight  edged  staves  are  to  be  cut,  and 
is  dished,  or  of  a  spherical  shape,  when  staves  with  curved  edges 
are  wanted*  '^ 

The  board  first  mentioned  is  moved  either  in  a  r^ht  line,  or 
is  made  to  assume  a  curved  course  by  being  confined  in  its 
motion  by  curved  grooves,  or  by  curved  rods  moving  against 
pins;  and  by  the  proper  management  of  these  sliding-boardi, 
the  stave^board  is  cut  by  the  circular  aaw  of  the  shape  desired. 

The  machinery  fiext  used  consists  of  a  large  lathe,  in  which 
the  cask  is  turned  in  a  vertical  position  when  it  is  of  a  large 
sise,  (after  it  is  formed  in  the  usual  manner  from  the  staves 
prepared  as  above  described)  being  eitber  fixed  in  a  great 
chuck  placed  beneath  it,  or  in  a  cylindrical  cage,  which  suru 
founds  it,  fixed  upon  a  strong  upright  arbor,  and  revolnng 
between  collars,  where  it  serves  the  office  of  a  mandril.  la 
this  lathe  the  chime  and  groove  for  receiving  the  head  art 
turned  in  the  cask  by  the  application  of  a  proper  tool.  When 
the  cask  is  small,  the  cage  is  made  to  turn  in  a  horizontal  poe^ 
tion,  instead  of  revolving  vertically. 

The  third  operation  is  to  form  the  head,  which  is  piimed 
together  as  usual,  after  having  the  pin-holes  made  by  piercers^ 
projecting  from  the  mandril  of  a  ladie;  the  distances  and 
depth  of  which  holes  are  correctly  regulated  by  gauges;  it  is 
then  turned  on  a  flat  revolving  table,  from  which  points  proK* 
ject  to  hold  it  fast,  and  against  which  it  is  held  by  another 
revolving  piece,  diat  is  screwed  towards  the  first,  where  it  is 
brought  to  the  proper  size  of  the  cask  by  fit  tools. 

The  fourth  operation  is  to  tiun  the  whole  cask  at  the  outside^ 
for  which  purpose  it  is  placed  in  a  large  lathe  between  two 
chucks,  made  to  fit  into,  the  chimes,  and  attached  to  the  bead 
by  points :  and  then  the  surface  of  the  cask  is  turned  smoodK  by 
a  spoke-shave,  or  other  fit  instrument,  held  against  it  by  a  rest 
properly  placed  for  the  purpose. 

The  patentees  bend  the  wooden  hoops  for  their  casks  in  a 
more  expeditious  manner,  by  fastening  one  end  of  them  to  the 
circumference  of  a  wheel,  and  pressing  them  against  the  wheel 
as  it  is  turned  round:  they  also  describe  a  method  of  fonniflig 
the  projectmg  part  in  the  buog-stavea.of  the  small  casks^  ealtei 
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buttleSi  by  flat  or  concaTe  circular  saws^  which  cut  the  face  of 
the  stuve  CD  each  liide  close  up  to  the  projection:  and  lastly, 
they  state,  that  in  ^ving  motion  to  their  machinery  they  use  any 
of  the  usual  first  movers  and  mill-work,  as  may  be  necessary. 
{Retrospect,  No.  SI.) 

CELLAR  CRANB^  a  machine  represented  in  fig.  6.  pi.  VL; 
aiu}  is  very  useful  to  wine^merchants,  brewers,  &c.  in  drawing 
up  and  letting  down  casks  full  of  wine^  beer,  &c.  It  saves  the 
trouble  and  inconvenience  of  horses,  and  in  many  places  can  be 
used  where  horses  could  not.  A  A  are  two  wooden  props,  about 
6  feet  in  height,  and  jointed  together  like  a  ruler  at  B.  They 
are  connected  to  each  other  by  an  iron  round  bar  c,  aud  wooden 
1>ar  at  the  bottom  d.  The  iron  prongs  ££  fasten  the  uprights 
steadily  to  the  edge  of  the  cellar;  f  is  the  axis  round  which  two 
ropes  are  coiled,  the  ends  of  which  are  fastened  to  the  two 
clamps  GO.  On  the  axis  f  is  fixed  the  iron  wheel  h,  of  3  feet 
io  diameter :  in  the  teeth  of  this  works  the  pinion  i,  of  about  6 
or  7  inciies  in  diameter,  and  is  turned  by  the  handle  at  k. 

It  is  evident,  by  a  bare  inspection  of  the  figure,  that  when  the 
two  ropes  are  slipt  over  the  ends  upon  the  barrel,  either  at  the 
top  or  bottom  of  the  cellar,  by  turning  of  the  winch  K  towards 
Of  from  the  operator,  the  barrel  can  be  safely  and  expeditiously 
taken  out  or  lowered  down.  When  'the  crane  is  done  with  it 
shuts  up,  by  unscrewing  the  nut  b,  taking  the  wheel  and  axis  away 
out  of  the  loops  at  l,  and  folding  the  sides  at  a  together,  like  a 
jointed  rule ;  it  may  then  be  taken  away  in  the  cart  or  dray,  or 
taken  in  the  men^s  hands. 

CENTRIFUGAL  pump,  a  very  curious  machine,  invented 
by  Mr.  Erskkie,  for  rsusing  water  by  means  of  a  centrifngal 
force  combined  with  the  pressure  of  the  atmosphere.  It  con- 
sists, of  a  large  tube  of  copper,  8lc.  in  the  form  of  a  cross, 
which  is  placed  perpendicularly  in  the  water,  and  rests  at  the 
bottom  on  a  pivot.  At  the  upper  part  of  the  tube  is  an  hori- 
zontal cog-wheel,  which  touches  the  cogs  of  sEnother  in  a  vertical 
position ;  so  that  by  the  help  of  a  double  winch  the  whole  ma- 
chine is  moved  round  with  very  great  velocity.  Near  the  bottom 
of  the  perpendicular  part  of  the  tube  is  a  valve  opening  up- 
wards; and  near  the  two  extremities,  but  on  the  contrary  nde 
of  the  arms  or  cross  part  of  the  tube,  are  two  other  valves 
opening  outwards.  These  two  valves  are,  by  the  assistance  of 
springs,  kept  shut  till  the  machine  is  put  in  motion,  when  the 
centrifi^al  velocity  of  the  water  forces  them  open,  and  dis- 
charges itself  into  a  cistern  or  reservoir  placed  there  for  that 
purpose*  On  the  upper  part  of  the  arms  are  two  holes,  which 
are  closed  by  pieces  screwed  into  the  metal  of  the  tube.  Before 
the  macbiiie  eao  woik^  ikoae  holes   ipnist   be  ogmmsd^  wd 
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vaster  poufed  in  through  them,  till  the  whole  tube  be  full;  by 
these  means  all  the  air  will  be  forced  out  of  die  machine,  and  the 
nvater  supported  in  the  tube  by  means  of  the  valve  at  the  bottom. 
The  tube  being  thus  filled  with  water,  and  the  holes  closed 
by  the  screw-caps,  it  is  turned  round  by  means  of  the  winch; 
"when  the  water  in  the  arms  of  the  tube  acquires  a  centrift^al 
force,  opens  the  valves  near  the  extremities  of  the  arms,  and  £e3 
out  with  a  velocity  nearly  equal  to  that  of  the  extremities  of  the 
said  arms.  The  theory  of  this  pump  may  be  seen  in  arts.  5^7, 
SS^y  of  our  first  volume. 

CHIMNEY  CLBAN81NO  MACHINES  have  been  lately  in- 
vented, in  order,  as  far  as  possible,  to  diminish  the  number  of 
infant  victims  of  a  filthy  and  disgusting  operation,  performed 
under  the  inspection  of  unfeeling  masters.  Those  who  have 
long  viewed  the  wretchedness  to  which  many  of  the  children 
are  exposed  who  are-  still  employed  in  climbing  chimneys,  will 
he  happy  to  hear  of  any  contrivances  which  have  a  tendency  to 
lessen  their  sufiferings :  we  therefore  mention  here  two  machines 
vhich  have  been  devised  for  the  purpose  of  sweeping  chimneys ; 
either  of  which  may,  we  doubt  not,  be  made  use  of  with  con* 
siderable  success. 

The  first  b  that  invented  by  Mr.  George  Smart,  of  Ordnance- 
^'harf,  Westminster-bridge.  Its  principal  parts  are  the  brush, 
the  rods  for  raising  the  brush,  and  the  cord  for  connecting  the 
iivhole  together.  The  brush  consists  of  four  fan-shaped  or 
^ng-like  portions,  which  are  hung  upon  hinges,  in  order  that 
in  ascending  the  chimney  the  brush  may  take  up  as  little  space 
as  possible,  and  in  descending  may  spread  out  and  sweep  the 
aides  of  the  fine:  this  brush  is  prevented  from  falling  down  into 
its  contracted  form  by  a  contrivance  exactly  like  that  which  is 
made  use  of  for  umbrellas.  The  substance  made  useof  in  general 
for  the  brush  is  what  is  cBlledwhisk,  The  rods  are  hollow  tubes, 
vntli  a  metal  socket  at  the  lower  end ;  som^  of  the  sockets  have 
screws  in  them,  for  the  purpose  of  confining  the  cord,  ajod 
preventing  the  rods  from  separating.  The  upper  ends  of  the 
rods  are  now  made  without  ferrules,  and  are  rather  tapered, 
which  allows  of  a  small  motion  within  the  sockets.  Each  rod  is 
about  2i  feet  long.  The  cord  runs  from  the  top  of  the  brush 
through  all  the  rods,  and  when  drawn  tight  keeps  the  whole  of 
the  machine  together. 

Method  of  using  the  machine.  Having  first  ascertained,  by 
looking  up  the  chimney,  what  course  the  Hue  immediately  takes, 
the  cloth  is  then  to  be  fixed  before  the  fire-place,  with  the 
horizontal  bar,  and  the  sides  to  be  closed  with  two  upright 
bars.  The  next  part  of  the  operation  is  to  introduce,  through 
Ihe  opening  in  the  cloth,  the  brush  in  its  contracted  form:  this, 


Chimney  Cleansers.  1 39 

dpeoiog  19  then  to  be  buttoned  or  tied  up,  to  prevent  the  soot 
coming  into  the  apartments ;  then  one  of  die  rods  is  to  be  passed 
up  die  cord  into  the  socket,  on  the  lower  end  of  the  rod  which 
supports  the  brush ;  the  other  rods  are  in  like  manner,  one  bj 
One  in  succession,  to  be  brought  up,  until  the  brush  is  raised 
somewhat  above  the  top  of  the  chimney,  observing  to  keep  the 
cord  constantly  tight ;  and  when  those  rods  which  have  a  screw 
in  the  socket  are  brought  up  they  are  to  be  placed  on  the  pur- 
chase, when  the  cord  is  to  be  put  round  the  pulley  and  drawn 
.very  tight,  and  screwed  down,  by  which  all  the  rods  above  will 
be  firmly  connected  together,  and  the  whole  may  be  considered 
one  long  flexible  rod. 

When  the  operator  thinks  that  the  brush  is  near  the  top  of 
the  chimney  he  should  move  it  up  and  down^  as  he  will  then 
find  the  brushy  if  out^  stop,  in  returning,  on  the  top  of  the  pot 
or  chimney. 

When  it  is  known  to  be  out,  the  machine  is  to  be  pulled 
<]own :  in  doing  which  the  edges  of  the  brush,  striking  against 
the  top  of  the  chimney,  will  cause  it  to  expand ;  and  there 
being  a  spring  to  prevent  its  contracting  again,  it  will  sweep 
the  soot  down  before  it:  the  whisk  being  long  and  elastic, 
makes  the  brush  capable  of  filling  flues  of  different  diameters. 
In  drawing  down  the  machine  the  person  should  grasp  with  his 
left  hand  the  rod  immediately  above  that  which  he  is  separating 
with  his  right  hand,  otherwise  he  may  chance  to  have  those 
above  loosen  and  slide  down  the  cord,  which  will  render  the 
operation  unpleasant  and  difficult:  the  rods,  as  they  are  brought 
down,  are  to  be  laid  carefully  one  by  one  in  as  small  a  compass 
as  they  conveniently  can  be,  that  they  may  not  dirt  the  apart- 
ments: with  a  little  attention  they  may  be  placed  like  a  bundle 
of  sticks,  side  by  side,  in  very  little  compass.  When  the  brush 
is  quite  down  it  is  to  be  shaken  withinside  the  cloth,  then  the 
spring  must  be  pushed  in,  and  the  brush  which  was  expanded 
will  flap  down  into  the  state  in  which  it  went  up. 
•  If,  as  sometimes  happens,  there  is  any  difficulty  found  in 
drawing  the  brush  into  the  upper  part  of  the  chimney,  the  rods 
must  be  thrust  up  again  somewhat  higher,  in  order  to  alter  the 
direction,  then  carefully  drawn  down.  It  will  be  proper  to  let 
the  cloth  remain  a  short  time  up  (where  great  cleanliness  is 
required),  in  order  to  let  the  fin^r  particles  of  soot  subside 
within  it. 

For  extinguishing  a  chimney  on  fire  a  coarse  cloth  is  to  be 
tied  over  the  brush  and  dipped  into  water,  then  passed  up  as 
abov#  directed. 

It  is  now  more  than  ten  years  since  this  machine  was  invented, 
find  its  use  has  been  attended  with  very  considerable  success ; 
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for  it  appears  that  there  is  scarcely  one  chimney  in  a  hundrec)  it} 
the  vicinity  of  the  metropolis  but  what  may  be  properly  sivept 
by  it.  The  following  persons  have  undertaken  to  sweep 
chimneys  with  Mr<  Smart's  machines,  at  the  usual  prices  :—* 
Thomas  Badger y  chimney-sweeper^  No.  2>  Whalebone-cpurt^ 
opposite  Token-house-yard;  Great-bell-alley^  Coleman-street. — 
John  Bedford,  chimney-sweeper,  56,  Swallow-street,  Picca- 
dilly.— Thon^as  Murless^  chimney-sweeper,  Bell-yard,  near  di^ 
bridge,  Hackney. — Richard  Page,  chimney-sweeper,  23,  Coloti- 
mde,  near  Guildford-street,Foundling-hospitaL — George  Smarts 
\Bf  Great-bell-alley,  Colemati-street ;  and  at  his  timber-yard, 
Pratt's-place,  Camden-town ;  and  at  Ordnance-wharf,  West* 
ttunster-bridge. —  Thomas  Taylor ^  9j  Wells-street,  Oxford^road. 
— George  Turner  and  James  Laver,  Walthamstow.— 7%09ii6# 
Wood,  S6,  Poland-*street,  Oxford-road. 

Another  machine  for  the  same  benevolent  purpose  waS  in- 
▼efited  by  Mr.  J.  C.  Hornblower.  The  apparatus  is  sitfiply 
this :  a  vessel  into  which  air  is  condensed  communicates  wiub  a 
tube  charged  with  small  gravel,  which  being  blown  up  ibc 
chimney  brings  down  the  soot. 

The  body  of  the  machine  is  made  of  copper,  of  about  3 

Sounds  to  die  square  foot,  and  its  capacity  is  about  three  cy- 
odrical  feet.  In  the  middle  of  the  cover,  which  is  soldered 
on,  is  a  syringe  or  condenser,  having  its  handle  above  the  cOV^» 
On  one  side  of  the  cover  is  inserted  a  crooked  pipe,  having  a 
valve  opening  inward  in  its  inner  or  lower  end,  tlie  stem  of 
which  comes  up  through  the  pipe,  and  terminates  with  a  button* 
The  pipe  ti  continued  by  a  flexible  leather  one,  to  which  is 
united  a  tube  of  tin  plate.  This  latter  tube  has  a  cross  bar  of 
tin  plate  fixed  edgewise  in  the  bottom  or  breach  of  the  tube 
which  detaches  from  the  leather  pipe,  somewhat  like  a  pistol 
barrel,  leaving  a  piece  of  tube  about  six  inches  remaining  t^ 
the  leather  pipe,  into  the  bottom  of  which  this  case  bar  is  fixed, 
and  serves  to  receive  a  charge  of  small  gravel,  having  a  piece  of 
paper  first  laid  on  the  crossbar ;  the  other  part  of  the  tube  is 
then  to  be  replaced,  and  the  air-vessel  supposed  to  be  full,  the 
valve  is  pressed  down  by  a  little  lever  accompanying  the  bmt 
chine,  and  its  contents  are  discharged  into  the  shaft  of  the 
chimney ;  and  if  there  is  any  such  quantity  of  soot  as  really 
needs  sweeping  away,  it  will  come  down. 

The  vessel  contains  nearly  three  cylindrical  feet,  and  we  cap 
crowd  three  atmospheres  of  air  into  it,  in  which  case  there  will 
be  42lbs.  per  inch  square,  in  round  numbers,  pressing  against 
the  charge  in  the  tube,  or  rather  against  the  valve,  di%  tube 
being  Q,^  inches  diameter,  which  amounts  to  168lb8<  for  the 
whole  area.    This  air  will  all  be  dischwged  in  oae  second^i  die 
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niean  velocity  of  which  may  be  fairly  reckoned  at  50  feet,  in 
that  time  having  impetus  in  itself  sufficient  to  carry  away  any 
soot  of  consequence  in  a  chimney  of  100  feet  high ;  but  when 
we  take  into  the  account  the  charge  of  gravel,  being  dternately 
incident  and  reflected  on  all  sides  of  the  chimney,  we  need  not 
fear  to  affirm  that  it  is  perfectly  applicable  to  its  intention. 

To  render  it  as  universal  as  possible  there  must  be  another 
tube,  to  be  occasionally  used,  when  the  side  of  the  chimney 
near  tfie  fireplace  is  gathered  over,  in  order  to  bring  the  throat 
of  the  flue  over  the  fire:  or  it  should  be  in  several  pieces,  to 
conform  to  the  height  of  this  gathering,  and  in  this  case  the 
charge  must  be  at  the  upper  fissure,  and  the  pipe  stayed  as 
perpendicularly  as  can  be  conveniently  done;  for  which  purpose 
thiere  is  a  piece  made  to  fix  on  the  pipe,  having  two  stems^ 
which,  if  put  in  the  bearing  side  of  the  pipe,  will  keep  it 
upright  and  in  the  crater  of  the  flue.  The  machine,  thus  con- 
structed, is  to  be  laid  on  a  little  truck,  and  transported  from 
house  to  house,  with  a  gallon  of  gravel  to  begin  with;  becausej 
until  it  has  obtained  the  good  opinion  of  the  public,  it  would 
not  be  necessary  to  attempt  such  regulations  as  would  after- 
wards be  deemed  requisite  to  facilitate  (he  operation. 

The  inventor  of  this  condensing  machine,  in  a  letter  on  the 
subject  in  Nicholson's  Journal,  N.  S.  No.  28,  has  made  son^e 
ingenious  observations  on  the  peculiarity  of  its  construction, 
and  what  he  thinks  its  advantages,  compared  with  the  machine 
previously  described  in  this  article. — "  One  circumstance,"  says 
he,  ''  presents  itself,  by  which  the  air  machine  must  have  a 
decided  preference  over  the  brushes  ;  which  is  this,  you  must 
know  d^  height  of  the  chimney,  and  adapt  the  length  of  the 
rods  to  that  height,  or  else  you  will  not  know  when  you  are  in 
^  flue  or  out  of  it.  Whereas,  my  machine  knows  no  necessity 
for  such  a  punctilio ;  all  that  b  necessary  being  only  to  give  so 
many  shocks  of  the  condenser  to  a  chimney  of  two  stories,  and 
so  many  to  one  of  three,  and  so  on.  And  again,  these  brushes 
in  the  very  outset  of  trial  made  with  them  are  subject  to  acci- 
dents, and  will  most  assuredly  wear  out  very  fast.  What  must 
become  of  those  whalebone  rods  when  the  sewing  is  rubbed 
through  in  passing  up  and  down  against  the  projections  of  un- 
ceiremouious  bricks  and  mortar?  What  repairs  will  they  not  be 
jmbject  to  in  the  course  of  one  day's  action  ?  AVhereas  the  air 
machine  will  sweep  a  hundred  chimneys,  and  be  repaired  for 
two-pence  ;  it  wanting  only  a  little  oil  in  the  condenser." 

Our  readers  will  decide  for  themselves,  from  the  preceding 
de8cri|>tions,  which  contrivance  deserves  the  preference.  We 
are  gratified  in  having  an  opportunity  of  speaking  of  botli, 
deeming  that  a  laudable  endeavour  which  is  intended  to  recom- 
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mend  to  the  public  the  use  of  one  or  othier  of  two  Aiachkie^ 
well  calculated  for  the  purpose  of  performing  a  most  disagree^ 
able  and  sometimes  dangerous  operation ;  thereby  relieving  » 
degraded  class  of  our  species  from  very  inhuman  treatment 
and  restoring  them  to  their  rank  in  civil  society. 

CHUCK,  UNIVERSAL.     See  TURNING. 

CHURN,  a  well-known  vessel  in  which  butter,  by  long  tfiid 
violent  agitation,  is  separated  from  the  serous  part  of  the  millo 

The  inferiority  of  die  churns  in  common  us^  has  induced 
several  ingenious  mechanics  to  exert  their  skill  in  contrivii^ 
others  that  would  render  the  process  of  making  butter  less 
tedious  and  expensive.  Of  these,  one  of  the  most  valuable  is 
Mr.  William  Bowler's  improved  churn,  with  which  the  Society 
for  the  Encouragement  of  Arts,  &c.  were  so  well  satisfied  as  to 
present  the  inventor  with  thirty  guineas.  As  it  renders  the 
operation  of  churning  far  less  fatiguing ;  and  has,  besides,  some 
peculiar  advantages,  we  shall  subjoin  a  description. 

This  churn  is  of  the  barrel  kind,  being  a  cylinder  18  inches 
in  diameter,  and  9  wide;  the  sides  are  of  wood,  and  the  rim  a 
tin  plate,  which  has  two  openings,  one  8  J  inches  in  length,  and 
4  in  width,  through  which  the  cream  is  poured  into  the  churBy 
and  the  hand  introduced  for  cleaning  it;  the  other  a  short 
pipe,  one  inch  in  diameter,  by  which  the  butter-milk  runs  out  of 
the  chum  when  the  operation  is  finished.  The  first  of  these 
openings  has  a  wooden  cover,  fastened  down  by  two  screws; 
and  the  other  a  cork  fitted  to  it,  while  the  butter  is  churning. 
There  is  further,  near  the  larger  opening,  a  small  vent-hole  widi 
a  peg,  to  admit  the  passage  of  any  air  that  may  be  discharged 
from  the  cream  at  the  beginning  of  the  operation.  An  axle  also 
through  the  churn,  terminating  in  two  gudgeons,  on  which  it 
passes  hangs;  its  lower  part  being  immersed  in  a  trough,  in  order 
to  hold  occasionally  either  hot  or  cold  water,  according  to  tlie 
season  of  the  year.  On  the  inside  of  the  rim  are  four  project- 
ing pieces  of  wood,  with  holes,  serving  to  agitate  the  cream  bj 
the  motion  of  the  churn.  The  movement  is  caused  by  a  pen- 
dulum 3  feet  6  inches  long,  that  has  an  iron  bob  weighing  lOlbs. 
and  at  its  upper  end  a  turning  pulley  10  inches  in  diameter,  from 
which  a  rope  goes  twice  round  another  pulley  about  3  inches 
in  diameter  fixed  on-  the  axis  of  the  churn,  which  it  causes  to 
make  a  partial  revolution  by  each  vibration  of  the  pendidum. 

There  are  likewise  sliding  covers  to  the  machinery,  and  an-^ 
other  to  the  water  trough;  in  order,  when  hot  water  is  used,  to 
secure  the  steam,  and  keep  the  cream  in  a  proper  degree  of 
warmth.  The  motion  of  the  pendulum  is  given,  and  continued, 
by  means  of  a  wooden  rod  about  3  feet  9  inches  in  length,  which 
turns  on  a  pin  3  inches  above  the  bob  of  the  pendulum.    If 
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'dierd  be  a  transverse  handle  at  the  upper  end  of  this  wooden 
rod  a  boy  may  give  motion  to  the  churn  with  great  facility, 
even  while  sitting;  the  action  being  then  much  like  that  of 
Toynng,  one  of  the  most  advantageous  methods  of  applying 
human  force. 

A  Ay  fig.  8y  pi.  XII.  Is  the  body,  b^  an  opening  by  which  the 
cream  is  put  in.  c,  the  cover  of  the  large  opening:  the  small 
hole  on  the  opposite  side  of  the  churn  cannot  be  shewn  in  this 
idew.  Dy  the  gudgeon  on  which  the  body  of  the  churn  hangs* 
B,  the  upper  or  larger  pulley,  f,  the  smaller  pulley  fixed  on  the 
axis  or  gudgeon  of  the  chum.  GG,  the  rod  of  the  pendulum 
hanging  from  the  upper  pulley  e.  h,  the  bob  of  the  pendulum. 
II,  the  handle,  moveable  on  a  pin  at  a,  by  which  the  pendulum 
13  moved  to  and  fro,  making  a  traverse  in  form  of  the  dotted 
line  KK*  L,  the  trough  for  the  hot  or  cold  water,  m,  a  pro- 
jecting piece  of  wood,  with  a  shoulder,  by  which  the  handle  i  is 
supported  when  the  chum  is  not  at  work. 

CLOCK,  a  machine  now  constructed  in  such  a  manner,  and 
so  regulated  by  the  uniform  motion  of  a  pendulum,  as  to  mea- 
sure time,  and  all  its  subdivisions,  with  great  exactness.  Before 
the  invention  of  the  pendulum,  a  balance,  not  unlike  the  fly  of  a 
kitchen-jack,  was  used  instead  of  it.  Clocks  were  at  first  called 
nocturnal  dials,  to  distinguish  them  from  sun-dials,  which  shewed 
the  hour  by  the  shadow  of  the  sun. 

The  invention  of  clocks  with  wheels  is  ascribed  to  Paclficus, 
archdeacon  of  Verona,  in  the  9th  century,  on  the  credit  of  an 
epitajdi  quoted  by  Ughelli,  and  borrowed  by  him  from  Pan- 
Tioius.  Others  attribute  the  invention  to  Boethius,  about  the 
year  510. 

Mr.  Derham,  however,  makes  clock-work  of  a  much  older 
dkte;  ranking  Archimedes's  sphere,  mentioned  by  Claudian,  and 
that  of  Posidonius,  mentioned  by  Cicero,  among  machines  of 
this  kind:  not  that  either  their  form  or  use  was  the  same  with 
those  of  ours,  but  that  they  had 'their  motion  from  some  hidden 
weights  or  springs,  with  wheels  or  pulleys,  or  some  such  clock- 
work principle. 

In  the  Disquisitiones  Monastics  of  Benedictus  Haeften, 
published  in  the  year  164<4«,  he  says,  that  clocks  were  invented 
i>y  Silvester  the  4th,  a  monk  of  his  order,  about  the  year  998,  as 
Dithmarus  and  Bozius  have  ishewn ;  for  before  that  time  they 
had  nothing  but  sun-dials  and  clepsydrae  to  shew  the  hour.-r-;:, 
Conrade  Gesner,  in  his  Epitome,  page  604,  says,  that  Richard 
Walliugford,  an'English  abbot  of  St.  Albans,  who  flourished 
in  the  year  1S26,  made  a  wonderful  clock  by  a  most  excellent  art, 
the  like  of  which  could  not  be  produced  by  all  Europe.— -Moreri, 
under  the  word  Horologe  du  Palais,  says,  that  Charles  the  Fifth, 
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called  the  wise  king  of  France,  ordered  at  Paris  the  first  large 
clock  to  be  made  by  Henry  de  Vie,  whom  he  sent  for  froid* 
Germany,  and  set  it  upon  the  tower  of  his  palace  in  the  year 
1372. — John  Froissart,  in  his  Histoire  3f  Chroniquey  vol.  2, 
chap.  28|  says,  the  duke  of  Bourgogne  had  a  clock  which 
founded  the  hour,  taken  away  from  the  city  of  Courtray  in  the 
year  1382:  and  the  same  thing  is  said -by  William  Paradiain 
his  Annah  de  Bourgogne. 

Clock-makers  were  first  introduced  into  England  in  1368, 
when  Edward  tlie  Third  granted  a  licence  for  three  artists  to 
come  over  from  Delft,  in  Holland,  and  practise  their  occupation 
ID  this  country. 

The  water-clocks  or  clepsydrae,  and  sun-dials,  have  both  a 
much  better  claim  to  antiquity.  The  French  annals  mention 
one  of  the  former  kind,  sent  by  Aaron,  king  of  Persia,  to  Charle- 
magne,  about  the  year  807,  which  it  would  seem  bore  some  re- 
semblance to  the  modern  clocks :  it  was  of  brass,  and  shewed 
the  hours  by  12  little  balls  of  the  same  metal,  which  at  the  end 
f)S  each  hour  fell  upon  a  bell,  and  made  a  sound.  There  were 
also  figures  of  1 2  cavaliers,  which  at  the  end  of  each  hour  came 
out  through  certain  apertures  or  windows  in  the  side  of  the 
clock,  and  shut  them  again,  See. 

The  invention  of  pendulum  clocks  is  owing  to  the  happy  in- 
dustry of  the  17th  century ;  and  the  honour  of  that  discovery  is 
disputed  between  Galileo  and  Huygens.  The  latter,  who  wrote 
an  excellent  volume  on  the  subject,  declares  it  was  first  put  in 
practice  in  the  year  1657,  and  the  description  of  it  printed  in 
1658.  Becher,  De  Nova  Temporis  dimetiendi  Tkeoria,  anno 
168Q,  contends  for  Galileo;  and  relates,  though  at  second- 
hand, the  whole  history  of  the  invention;  adding,  that  one 
Trefler,  clock-maker  to  the  father  of  the  then  grand-duke  of 
Tuscany,  made  the  first  pendulum  clock  2it  Florence  under  the 
direction  of  Galileo  Galilei,  a  pattern  of  which  was  brought  to 
Holland.  And  the  Academy  del  Cimento  says  expressly,  that 
the  application  of  the  pendulum  to  the  movement  of  a  dock 
was  first  proposed  by  Galileo,  and  put  in  practice  by  his  soil 
Vincenzo  Galilei  in  1649.  But  whoever  may  have  been  the 
inventor,  it  is  certain  that  the  invention  never  flourished  till  it 
came  into  the  hands  of  Huygens,  who  insists  on  it  that,  if  ever 
Galileo  thought  of  such  a  thing,  he  never  brought  it  to  any  de- 
gree of  perfection.  The  first  pendulum  clock  made  in  England 
was  in  the  year  1662,  by  one  Fromantil,  a  Dutchman. 

After  this  brief  sketch  of  the  history  of  clocks,  which  may  be 
^teresting  to  some  of  our  readers,  we  shall  give  a  description  of 
a  modem  clock  according  to  the  most  approved  constructidn. 
The  first  figure  of  plate  VIII.  is  a  profile  of  such  a  clock;  r'is 
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a  weight  which  is  suspended  by  a  cord  that  winds  about  the 
cylinder  t>r  barrel  c,  which  is  fixed  upon  the  axis  fir,  a;  the 
pivots  b,  b,  go  into  holes  made  in  the  plates  ts,  ts,  in  which 
they  turn  freely.  These  plates  are  made  of  brass  or  iron,  and 
are  connected  by  means  of  four  pillars,  z,  z ;  the  whole  toge- 
ther being  called  the/rame.  The  weight  p,  if  not  restrained^ 
would  necessarily  turn  the  barrel  c,  with  an  uniformly  accele* 
rating  motion,  in  the  same  manner  as  if  the  weight  were  falling 
freely.  But  the  barrel  is  furnished  with  a  racliet-wheel,  k,  k, 
the  right  side  of  whose  teeth  strikes  against  the  click,  which  is 
fixed  with  a  screw  to  the  wheel  dd,  as  represented  in  fig,  2 ;  so- 
that  the  action  of  the  weight  is  communicated  to  the  wheel  dd, 
the  teeth  of  which  act  upon  the  teeth  of  the  small  wheel  d,  which 
turns  upon  the  pivots  c,  c.  The  communication  or  action  of 
on^  wheel  with  another  is  called  the  pitching;  a  small  wheel 
like  d  is  called  a  pinion,  and  its  teeth  are  called  leaves  of  the 
pinion.  Several  things  are  requisite  to  form  a  good  pitching, 
the  advantages  of  which  are  obvious  in  all  machinery  where  teeth 
and  pinions  are  employed.  The  teeth  and  pinion-leaves  should 
be  of  a  proper  shape,  and  perfectly  equal  among  themselves : 
the  size  also  of  the  pinion  should  be  of  a  just  proportion  to  the 
wheel  acting  into  it. 

The  wheel  ee  is  fixed  upon  the  axis  of  the  pinion  d\  and  the 
motion  communicated  to  the  wheel  dd  by  the  weight  is  trans- 
mitted to  the  pinion  dj  consequently  to  the  wheel  be,  as  like- 
wise  to  the  pinion  e  and  wheel  ff,  which  moves  the  pinion^^ 
upon  the  axis  of  which  the  crown  or  balance-wheel  gh  is  fixed, 
llie  pivots  of  the  pinion/*  play  in  holes  of  the  plates  lm,  which 
are  fixed  horizontally  to  the  plates  ts.  In  a  word,  the  motioi^ 
begun  by  the  weight  is  transmitted  from  the  wheel  gh  to  the 

f)alettes  ik,  and  by  means  of  the  fork  ux  rivetted  on  tlie  pa- 
ettes,  communicates  motion  to  the  pendulum  ab,  which  is 
suspended  upon  the  hook  a.  The  pendulum  ab  describes, 
round  the  point  a^  an  arc  of  a  circle  alternately  going  and  re- 
turning. If,  then,  the  pendulum  be  once  put  in  motion  by  a 
push  of  the  hand,  the  weight  of  the  pendulum  at  b  will  make 
it  return  upon  itself,  and  it  will  continue  to  go  alternately  back- 
ward and  forward  till  the  resistance  of  the  air  upon  the  pendu- 
lum, and  the  friction  at  the  point  of  suspension  at  A,  destroys 
the  original  impressed  force.  But  as  at  every  vibration  of  the 
pendulum  the  teeth  of  the  balance-wheel  gh  act  so  upon  the 
palettes  ik  (the  pivots  upon  the  axis  of  these  palettes  play  in 
two  holes  of  the  potence  s  t),  that  after  one  tooth  h  has  commu- 
nicated motion  to  the  palette  k,  that  tooth  escapes ;  then  the 
opposite  tooth  g  acts  upon  the  palette  i,  and  escapes  in  the 
6ame  manner ;  and  thus  each  tooth  of  the  \y'heel  escapes  the  pa- 
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lettes  iKyUfter  baving  cominuiiicated  their  motion  to  tlie  paletfe^ 
in  such  a  manner  that  the  pendulum,  instead  of  being  stopped^ 
continues  to  move.  The  wheel  ee  revolves  in  an  hour ;  the 
pivot  c  of  this  wheel  passes  through  the  plate,  and  is  continued 
to  r ;  upon  the  pivot  is  a  wheel  nn,  with  a  long  socket  fastened 
ia  the  centre ;  upon  the  extremity  of  this  socket  r,  the  minute-' 
hand  is  fixed.  The  wheel  nn  acts  upon  the  wheel  o;  the 
pinion  of  which  |7  acts  upon  the  wheel  gg,  fixed  upon  a^  socket 
which  turns  along  with  the  wheel  N.  This  wheel  gg  makes  it9 
revolution  in  12  hourS|  upon  the  socket  of  which  the  hour-hand 
is  fixed. 

From  the  above  description  it  is  easy  to  see,  !•  That  the 
weight  p  turns  all  the  wheels,  and  at  the  same  time  continueai 
the  motion  of  the  pendulum.  2«  That  the  quickness  of  the 
motion  of  the  whciels  is  determined  by  that  ef  the  pendulom«r 
3.  That  the  wheels  point  out  the  parts  of  time  divided  by  the 
uniform  motion  of  the  pendulum. 

When  the  cord  upon  which  the  weight  is  suspended  is  en- 
tirely run  down  from  ofF  the  barrel,  it  it  wound  up  again  by 
means  of  a  key,  which  goes  on  at  the  square  end  of  the  arbor  at 
Q,  by  turning  it  in  a  contrary  direction  from  that  in  which  the 
weight  descends.  For  this  purpose  the  inclined  inde  of  the 
teeth  of  the  wheel  k  (fig.  2.)  removes  the  click  c,  so  that  the 
ratchet-wheel  r  turns  whil^  the  wheel  d  is  at  rest ;  but  as  soon 
^s  the  cord  is  wound  up,  the  click  falls  in  between  the  teeth  of 
the  wheel  d,  and  the  right  side  of  the  teeth  again  act  upon  the 
end  of  the  click,  which  obliges  the  wheel  n  to  turn  along  with 
the  barrel ;  and  the  spring  A  keeps  the  click  between  the  teeth 
of  the  ratchet-wheel  k. 

We  shall  now  explain  how  time  is  nieasured  by  the  motion 
of  the  pendulum ;  and  how  the  wheel  s,  upon  the  axis  of  which 
the  minute-hand  is  fixed,  makes  but  one  precise  revolution  in  an 
hour.  The  vibrations  of  a  pendulum  are  performed  in  a  shorter 
or  longer  time  in  proportion  to  the  length  of  the  pendulum  it^ 
self.  A  pendulum  of  S9|  inches  in  length  makes  3600  vibra- 
tions in  an  hour :  u  e.  each  vibration  is  perfohned  in  a  second  of 
time,  and  for  that  reason  it  is  called  a  second  pendulum*  But 
a  pendulum  of  9|-|^  inches  makes  7200  vibrations  in  an  hour,  or 
two  vibrations  in  a  second  of  time,  and  is  called  a  half-second 
pendulufn.  Hence,  in  constructing  a  wheel  whose  revolution 
must  be  performed  in  a  given  time,  the  time  of  the  vibrations 
of  the  pendulum  which  regulates  its  motion  must  be  considered. 
Supposing,  then,  that  the  pendulum  ab  makes  7200  vibrations 
in  an  hour,  let  us  consider  how  the  wheel  £  shall  take  up  an 
hour  in  making  one  revolution.  ^JThis  entirely  depends  on  the 
number  of  teeth  in  the  wheels  and  pinions.    If  the  balance- 
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'^eel  totasists  of  90  teeth,  it  will  turn  once  in  die  time  that  the 
pelldilluiii  tnakes  60  vibrations  :  for  at  every  turn  of  the  wheel 
the  same  tooth  acts  once  on  the  palette  i,  and  once  on  the  pa- 
lette It,  which  occasions  two  separate  vibrations  in  the  pendu- 
'him ;  and  the  wheel  having  30  teeth  it  occasions  twice  30,  qr 
60  yiblrations.  Consequently  this  wheel  must  perform  120  re- 
vblutions  in  an  hour ;  because  60  vibrations^  which  it  occasions 
at  every  revolution,  are  contained  120  times  in  7200,  the  nutn- 
i>er  of  vibrations  performed  by  the  pendulum  in  an  hour.  Now, 
iiV  order  to  determine  the  number  of  teeth  for  the  wheels  ef, 
and  their  pinions  ef]  it  must  be  remarked  that  one  revolution  of 
the  wheel  b  must^turn  the  pinion  e  as  many  times  as  the  number 
of  teedi  in  the  pinion  is  contained  in  the  number  of  teeth  in  the 
'Wheel.  Thus,  if  the  wheel  £  contains  72  teeth,  and  the  pinion 
"e  6,  the  pinion  will  make  12  revolutions  in  the  time  that  the 
wheel  makes  1 ;  for  each  tooth  of  the  wheel  drives  forward  a 
tooth  of  the  pinion,  and  when  the  6  teeth  of  the  pinion  are 
Moved,  a  complete  revolution  is  performed;  but  the  wheel  b 
hai  by  that  time  only  advanced  6  teeth,  and  has  still  66  to  ad- 
vance before  its  revolution  be  completed,  which  will  occasion 
1 1  tliore  revolutions  of  the  pinion.  For  the  same  reason  the 
wheel  F  having  60  teeth,  and  the  pinion  y*0,  the  pinion  will 
Wake  10  revolutions  while  the  wheel  performs  1.  Now  the 
wheel  V  being  turned  by  the  pinion  e  makes  12  revolutions  for 
one  of  the  wheel  e;  and  the  piniouy*  makes  10  revolutions  for 
oneof  the  wheel  f;  consequently  the  piniony* performs  lOtitues 
1^,  of  120,  revolutions  in  the  tiiiie  the  wheel  B  performs  one. 
But  the  wheel  g,  which  is  turned  hy  the  pinion y^  occasions  60 
vStnrationa  in  the  pendulum  each  time  it  turns  round ;  conse- 
quently the  wheel  6  occasions  60  times  120,  or  7200,  vibrations 
of  the  pendulum  while  the  wheel  e  performs  one  revolution ; 
l>ttt  7200  is  the  number  of  vibrations  made  by  the  pendulum  in 
an  hoar,  and  consequently  the  wheel  £  performs  but  one  revo- 
lution in  an  hour;  and  so  of  the  rest. 

from  this  reasoning  it  is  easy  to  discover  how  a  clock  may 
1)6  mdde  to  go  for  any  length  of  time  without  being  wound  up. 
1.  By  increasing  the  number  of  the  teeth  in  the  wheels.  2.  fly 
diminishing  the  number  of  teeth  in  the  pinions.  3.  By  increas- 
ibg  the  length  of  the  cord  that  suspends  the  weight.  4.  By  in- 
creasing the  length  of  the  pendulum.  And,  5.  By  adding  to  the 
number  of  wheels  and  pinions.  But  in  proportion  as  the  time 
is  augmented,  if  the  weight  continues  the  same,  the  force  which 
it  communicates  to  the  last  wheel  gh  will  be  diminished. 

It  only  remains  to  take  notice  of  the  number  of  teeth  in  the 
wheels  which  turn  the  hour  and  minute-hands.  The  wheel  E 
performs  one  revolution  in  an  hour;  the  wheel  nn,  which  is 
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turned  by  the  axis  of  the  wheel  e,  must  Ikewke  make  oidy  On^ 
revolution  in  the  same  time ;  and  the  minute-hand  is  'fixed  to 
the  socket  of  this  wheel.  The  wheel  n  has  30  teeth,  and  acts 
upon  the  wheel  o,  which  has  likewise  30  teeth,  and  the  same 
diameter ;  consequently  the  wheel  o  takes  an  hour  to  a  revolur 
tion :  now  the  wheel  o  carries  the  pinioni  p,  which  has  6  teeth^ 
and  which  acts  upon  the  wheel  qq  of  72  teeth ;  consequently 
the  pinion  p  makes  12  revolutions  while  the  wheel  qq  makes 
one,  and  of  course  the  wheel  qq  takes  1 2  hours  to  one  revolu- 
tion ;  and  upon  the  socket  of  this  wheel  the  hour-hand  is  fixed. 
Much  that  has  been  said  here  concerning  revolutions  of  wheels^ 
&€.  is  equally  applicable  to  watches  as  to  clocks. 

But  it  is  time  to  speak  of  the  striking  part ;  in  which,  indeed^ 
as  well  as  the  other  part  of  a  clock,  there  is  room  for  great  va?- 
riety  and  choice  in  the  construction.  The  wheels  usually  comr 
posing  this  part  are,  the  great  or  first  wheel,  which  b  moved 
by  the  weight  or  spring  at  the  barrel,  in  sixteen  or  thirty-hour 
clocks;  this  has  usually  pins,  and  is  called  the  pin-wheel:  in 
eight-day  pieces  the  second  wheel  is  c6minonly  '.the  pin-wheel^ 
or  striking- wheel,  which  is  moved  by  the  former.  Next  to  the 
striking- wheel  is  the  detent-wheel,  or  hoop-wheel,  having  a  hoop 
almost  round  it,  wherein  is  a  vacancy  at  which  the  clock  locks* 
The  next  is  the  third  or  fourth  wheel,  according  to  its  distance 
from  the  rest,  called  the  warning-wheel.  The  last  is  the  flying 
pinion,  with  a  fly  or  fan,  to  gather  air,  and  so  bridle  the  rapidity 
of  the  clock's  motion.  To  these  must  be  added  the  pinion  of 
report ;  which  drives  round  the  locking-wheel,  called  also  the 
count-wheel;  ordinarily  with  eleven  notches  in  it,  unequally 
distant,  to  make  the  clock  strike  the  hours.  Besides  the  wheels-^ 
to  the  clock  part  belongs  the  rash  or  ratch ;  a  kind  of  wheel 
with  twelve  large  fangs,  running  concentrical  to  the  dial-wheel, 
and  serving  to  lift  up  the  detents  every  hour  and  make  the  clock 
strike :  the  detents  or  stops,  which  being  lifted  up  and  let  fall^ 
lock  and  unlock  the  clock  in  striking;  the  hammer,  which 
strikes  the  bell ;  the  hammer  tails,  by  which  the  striking  pins 
draw  back  the  hammers ;  latches,  whereby  the  work  is  lifted  up 
and  unlocked ;  and  lifting-pieces  which  lift  up  and  unlock  the 
detents. 

In  the  year  1803  the  Society  for  the  Encouragement  of  Arts, 
&c.  presehted  to  Mr.  John  Prior  of  Nessfield,  Yorkshire,  a 
reward  of  3^  guineas,  on  account  of  his  contrivance  for  the 
striking  pare  of  an  eight-day  clock.  As  this  invention  is  Ukely 
to  be  useful,  we  shall  describe  it  here.  It  consists  of  a  wheel 
and  fly,  with  six  turns  of  a  spiral  line,  cut  upon  the  wheel  for 
the  purpose  of  counting  the  hours.  The  pins  below  this  spiral 
elevate  the  hanuuer,  and  those  above  are  for  the  use  of  the  de- 
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tent.  This  single  wheel  serves  the  purpose  of  count-wheel,  pio- 
wheel,  detent-wheel,  and  the  fly-wheel,  and  has  six  revolutions 
in  striking  the  12  hours.  If  we  suppo3e  a  train  of  wheels  and 
pinions  used  in  other  striking  parts  to  be  made  without  error, 
and  that  the  wheels  and  pinions  would  turn  each  other  without 
shake  or  play :  then,  allowing  the  above  supposition  to  be  true 
(though  every  mechanic  knows  it  is  not),  Mr.  Prior's  striking 
part  would  be  found  six  times  superior  to  others,  in  striking  the 
hours  1,  2, 5,  7,  10,  11 ;  twelve  times  superior  in  striking  4,  6, 
8 ;  and  eighteen  times,  in  striking  3,  9,  and  12.  In  striking  2, 
the  inventor  purposely  made  an  imperfection  equal  to  the  space 
of  three  teeth  of  the  wheel ;  and,  in  striking  3,  an  imperfection 
of  nine  or  ten  teeth ;  and  yet  both  these  hours  are  struck  per- 
fectly correct.  The  flies  in  clocks  turn  round,  at  a  mean,  about 
sixty  times  for  every  knock  of  the  hammer,  but  this  turns  round 
only  three  times  for  the  same  purpose ;  and  suppose  the  pivots 
were  of  equal  diameters,  the  influen^ce  of  oil  on  them  would  be 
as  the  number  of  revolutions  in  each.  It  would  be  better  for 
tlocks  if  they  gave  no  warning  at  all,  but  the  snail-piece  to  raise 
a  weight  somewhat  similar  to  the  model  Mr.  P.  sent  for  the 
^spection  of  that  respectable  Society. 

Reference  to  Mr.  Prioe's  Striking  Part  of  his  Clock. 

Plate  X.  fig.  1. — A,  the  large  wheel,  on  the  face  of  which 
^re  sunk  or  cut  the  six  turns  of  a  spiral. 

B^  the  Mngle  worm  screw,  which  acts  on  the  above  wheel^ 
and  moves  the  fly  c. 

D,  the  spiral  work  of  the  wheel  A,.  The  .black  spots  shew 
the  grooves  hito  which  the  detents  drop  on  striking  the  hour. 

E,,  the  groove  into  which  the  locking-piece  f  drops  when  it 
strikes  one,  and  from  which  place  it  proceeds  to  the  outward 
parts  of  the  spiral  in  the  progressive  hours,  being  thrown  out  by 
a  lifting  piece  h  at  each  hour :  the  upper  detent  6  being  pumped 
off  with  the  locking-piece  t,  from  the  pins  in  the  wheel  a. 

In  striking  the  hour  of  twelve,  the  locking- piece,  having 
arrived  at  the  outer  spiral  at  h,  rises  up  an  inclined  plane,  and 
drops  by  its  own  weight  to  the  inner  circle,  in  which  the  hour 
one  is  to  be  struck,  and  proceeds  on  in  a  progressive  motion 
through  the  different  hours  till  it  comes  again  to  twelve, 

I,  the  hammer-work  made  ip  the  common  way,  which  is 
worked  by  thirteen  pins  on  the  face  of  the  spiral. 

Fi^.  £. — K,  the  thirteen  pins  on  the  face  of  the  spiral^  wbi^h 
work  the  hammer-work. 

L,  the  outer  pins,  which  lock  the  detent. 

^^  the  pump-spring  to  die  detent. 
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For  other  information  respecting  clock^work^  see  tb#  articles 
Balance^  Pendulum^  and  Scapement^  in  this  volume. 

Some  very  simple  contrivances  for  clocks,  by  Mr.  Ferguson^ 
and  Dr*  Franklin,  may  be  seen  in  FergusorCs  Select  Exercues. 
'  In  the  fourth  century  an  artist  named  James  Dondi  coil- 
structed  a'clock  for  the  city  of  Padua,  which  was  long  considered 
as  the  wonder  of  that  period.  Besides  indicating  the  hours,  it 
represented  the  motion  of  the  sun,  moon,  and  planets,  as  well 
as  pointed  out  the  different  festivals  of  the  year.  On  this  ac- 
count !Dondi  obtained  the  surname  of  Horologio,  which  became 
that  of  his  posterity.  A  little  time  after,  William  Zelandei* 
constructed  for  the  same  city  a  clock  still  more  complex ;  which 
was  repaired  in  &e  sixteenth  century  by  Jauellus  Turrianus,  the 
mechanist  of  Charles  V. 

But  the  clocks  of  the  cathedrals  of  Strasburgh  and  of  Lyoi^s 
are  much  more  celebrated.  That  of  Strasburgh  was  the  work 
of  Conrad  I)asypodius,  a  mathematician  of  that  city,  who 
finished  it  about  1573-  The  face  of  the  basement  of  this  ctoclc 
exhibits  three  dial-plates ;  one  of  which  is  round,  and  consists 
of  several  concentric  circles ;  the  two  interior  ones  of  wbic^, 
perform  their  revolutions  in  a  year,  aud  serve  to  mark  the  da^* 
of  the  year,  the  festivals  and  other  circumstances  of  the  calendar* 
The  two  lateral  dial-plates  are  square,  and  serve  to  indicate  the 
eclipses  both  of  the  sun  and  the  moon^  Above  the  middle  dial- 
plate,  and  in  the  attic  space  of  the  basement,  the  days  of  the  week 
are  represented  by  different  divinities,  supposed  to  preside  over 
the  planets  from  which  their  common  appellations  are  derived; 
The  divinity  of  the  current  day  appears  in  a  car  rolling  over  the 
clouds,  and  at  midnight  retires  to  give  place  to  the  succeeding 
one.  Before  the  basement  is  seen  a  globe,  borne  on  the  wing3 
of  a  pelican,  around  which  the  sun  and  moon  revolved ;  and 
which  in  that  manner  represented  the  motion  of  these  planeta.; 
but  this  pai't  of  the  machine,  as  well  as  several  others,  has  beep 
deranged  for  a  long  time.  The  ornamental  turret,  above  this 
basement,  exhibits  chiefly  a  large  dial  in  the  form  of  an  a^tro-^ 
labe;  which  shews  the  annual  motion  of  the  sun  and  moon 
through  the  ecliptic,  the  hours  of  the  day,  &c.  The  phases  of 
the  moon  are  seen  also  marked  out  on  a  particular  dial-plat^ 
above.  This  work  is  remarkable  also  for  a  considerable  assem«< 
blage  of  bells  and  figures,  which  perform  different  motions. 
Above  the  dial-plate  last  mentioned,  for  example,  the  four  ages 
of  man  are  represented  by  symbolical  figures :  one  passes  every 
quarter  of  an  hour,  and  marks  the  quarter  by  striking  on  small 
bells :  these  figures  are  followed  by  Death,  who  is  expelled  by 
Jesus  Christ  risen  from  the  grave :  who,  however,  permits  it  to 
sound  the  hour,  in  order  to  warn  man  that  time  is  on  the  wiog% 
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Two  stnaH  angels  perform  movements  also ;  one  striking  a  bell 
with  a  sceptre,  while  the  other  turns  an  hour-glass  at  the  expmi^ 
jtion  of  an  hour.  In  the  last  place,  this  work  was  decorated  whh 
▼arious  animals,  which  emitted  sounds  similar  to  their  natural 
voices ;  but  none  of  them  now  remains,  except  the  cock,  which 
^rows  immediately  before  the  hour  strikes,  tirst  stretching  out 
its  neck  and  clapping  its  wings.  Indeed  it  is  to  be  regretted 
diat  a  great  part  of  this  machine  is  now  entirely  deranged. 

The  dock  of  the*  cathedral  of  Lyons  is  of  less  size  than  that 
of  Stirasburgh,  but  is  not  inferior  to  it  in  the  variety  of  its  move- 
ments; it  has  the  advantage  also  of  being  in  a  good  condition. 
It  is  the  work  of  Lippius  de  Basle,  and  was  exceedingly  well  re- 
paired in  the  last  century  by  an  ingenious  clock-maker  of  Lyons 
jiamed  Nourisson.-  Like  that  of  Strasburgh,  it  exhibits  on  differ- 
ent dial-plates  the  annual  and  diurnal  progress  of  the  sun  and 
moon,  the  days  of  die  year,  their  lengthy  and  the  whole  calendar, 
civil  as  well  as  ecclesiastic.  The  days  of  the  week  are  indicated 
by  symbols  more  analogous  to  the  place  where  the  clock  is 
erected :  the  hours  are  announced  by  the  crowing  of  a  cock, 
three  times  repeated  after  it  has  clapped  its  wings,  and  made 
various  other  movements.  When  the  cock  has  done  crowing, 
angels  appear,  who,  by  striking  various  bells,  perform  the  air  of 
a  hymn ;  the  annunciation  of  the  Virgin  is  represented  also  by 
moving  figures,  and  by  the  descent  of  a  dove  from  the  clouds ; 
and  ^ter  this  mechanical  exhibition  the  hour  strikes.  On  one 
of  the  sides  of  th^  clock  is  seen  an  oval  dial-plate,  where  the 
hours  and  minutes  are  indicated  by  means  of  an  index,  which 
lengthens  or  contracts  itself,  according  to  the  length  of  the  semi- 
diameter  of  the  ellipsis  over  which  it  moves.  ' 

A  very  curious  clock,  the  work  of  Martinot^  a  celebrated 
clock-maker  of  the  seventeenth  century,  was  formerly  to  be 
seen  in  the  royal  apartments  at  Versailles.  Before  it  struck  the 
hour,  two  cocks  on  the  corners  of  a  small  edifice  crowed  alter- 
nately, clapping  their  wings :  soon  after  two  lateral  doors  of  the 
edifice  opened,  at  which  appeared  two  figures  bearing  cymbals, 
beat  upon  by  a  kind  of  guards  with  clubs.  When  these  figures 
had  retired,  the  centre  door  was  thrown  open,  and  a  pedestal, 
snmorting  an  equestrian  statue  of  Louis  XIV.  issued  from  it, 
while  a  group  of  clouds  separating,  gave  a  passage  to  a  figure  of 
Fame,  which  came  and  hovered  over  the  statue.  An  air  was 
then  performed  by  bells :  after  which  the  tw^o  figures  re-entered  ; 
flie  two  guards  raised  up  their  clubs,  which  they  had  lowered  as 
if  out  of  respect  for  the  presence  of  the  king,  and  the  hour  was 
then  struck. 

While,  however,  we  have  thought  it  right  to  describe  these 
n^euious  performance  of  foreign  artists^  wo  must  not  neglect 
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to  mention  the  equally  ingenious  workmanship  of  some  of  oar 
own  countrymen.  We  now  refer  to  two  clocks  made  by  En- 
glish artists^  as  a  present  from  the  East-India  Company  to  the; 
emperor  of  China.  These  two  clocks  are  in  the  form  of  chariots, 
in  each  of  which  a  lady  is  placed  in  a  fine  attitude,  leaning  her 
right  hand  upon  a  part  of  the  chariot,  under  which  appears  a 
clock  of  curious  workmanship,  little  larger  than  a  shillmg,  th^t 
strikes  and  repeats,  and  goes  for  eight  days.  Upon  the  lady's 
finger  sits  a  bird,  finely  modelled,  and  set  with  diamonds  and 
rubies,  with  its  wings  expanded  in  a  flying  posture,  and  actually 
flutters  for  a  considerable  time  on  touching  a  diamond  button 
below  it :  the  body  of  the  bird,  in  which  are  contained  part  of 
^he  wheels  that  animate  it  as  it  were,  is  less  than  the  16th  part 
of  an  inch.  The  lady  holds  in  her  left-hand  a  golden  tube  little 
thicker  than  a  large  pin,  on  the  top  of  which  is  a  small  round 
,box,  to  which  is  fixed  a  circular  ornament  not  larger  than  a 
sixpence,  set  with  diamonds,  which  goes  round  in  near  three 
hours  in  a  constant  regular  motion.  Over  the  lady's  head  is  a 
double  umbrella,  supported  by  a  small  fluted  pillar  not  thicker 
than  a  quill,  and  under  the  larger  of  which  a  bell  is  fixed,  at  a 
considerable  distance  from  the  clock,  with  which  it  seems  to 
have  no  connection;  but  from  which  a  communication  is  se- 
cretly conveyed  to  a  hammer,  that  regularly  strikes  the  hour, 
and  repeats  the  same  at  pleasure,  by  touching  a  diamond  biittoa 
fixed  to  the  clock  below.  At  the  feet  of  the  lady  is  a  goldeb 
dog. 

COINAGE,  or  Coining,  the  art  or  act  of  making  money. 

Coining  is  either  performed  by  the  hammer  or  the  mill.  The 
first  method  is  now  little  used  in  Europe,  especially  in  Eng- 
land, France,  &c;  though  the  only  one  known  till  the  year  1553, 
when  a  new  machine,  or  coining-mill,  invented  by  an  engraver, 
one  Autoine  Brucher,  was  first  tried  in  the  French  king's  palace 
at  Paris,  for  the  coining  of  counters :  though  some  attribute  the 
invention  of  the  mill  to  Varin,  a  famous  engraver,  who,  in 
reality,  was  no  more  than  an  improver  of  it;  and  others  to 
Aubrey  Oljvier,  who  had  only  the  inspection  of  it. 

The  mill  has  met  with  various  fate  since  its  first  invention; 
being  now  used,  and  again  laid  by,  and  the  hammer  resumed ; 
but  it  has  at  length  got  that  fooling,  by  the  neatness  an4  per- 
fection of  the  species  struck  with  it,  that  there  appears  no  great 
probability  of  its  ever  being  again  disused. 

In  either  kind  of  coining,  the  pieces  oif  metal  are  stamped  or 
struck  with  a  sort  of  punchions  or  dyes,  wherein  are  engraven 
the  prince's  effigies,  with  the  arms,  legends,  &c. 

Coining  by  the  miUy  or  milled  money, — The  bars  or  plates 
being  taken  out  of  the  mouldy  and  scraped  and  brushed^  are 
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passed  several  times  through  a  mill,  to  flatten  them  further,  and 
bring  them  to  tlie  just  thickne^  of  the  species  to  be  coined; 
with  this  difference,  however,  that  the  plates  of  gold  are  heated 
again  in  a  furnace,  and  quenched  in  water,  before  they  undergo 
the  mill ;  which  softens  and  renders  them  more  ductile :  whereas 
those  of  silver  pass  the  mill  just  as  they  are,  without  any  heat- 
ing ;  and  when  afterwards  they  are  heated  they  are^Ieft  to  cool 
again  of  themselves,  without  water. 

The  plates,  whether  gold,  silver,  or  copper,  thus  reduced  as 
near  as  possible  to  their  thickness,  are  cut  into  round  pieces, 
called  blanks  or  planchets,  near  the  size  of  the  intended  species, 
Ynth  a  cutting  instrument  fastened  to  the  lower  extremity  of  att 
arbor,  whose  upper  end  is  formed  into  a  screw ;  which,  being 
turned  by  an  iron  handle,  turns  the  arbor,  and  lets  the  steel, 
well  sharpened,  in  form  of  a  punch-cutter,  fall  on  the  plates ; 
and  thus  is  a  piece  punched  out. 

These  pieces  are  now  given  to  be  adjusted,  and  brought  by 
filiQg,  or  rasping,  to  the  weight  of  the  standard,  whereby  they 
are  to  be  regulated :  and  what  remains  oi  the  plate  betw  een  the 
circles  is  melted  again,  under  the  denomination  of  sizel. 

The  pieces  are  adjusted  in  a  fine  balance :  and  those  which 
prove  too  light  are  separated  from  those  too  heavy  ;  the  first  to 
be  melted  again,  and  the  second  to  be  fiied  down.  For  it  may 
Ibe  observed,  that  the  mill  through  which  the  plates  are  passed 
can  never  be  so  just  but  there  will  be  some  inequality,  whence 
will  arise  a  difference  in  the  blanks.  And  this  inequality,  in- 
deed, may  be  owing  to  the  quality  of  the  matter  as  well  as  of 
the,  machine ;  some  parts  being  more  porous  than  others. 

When  the  blanks  are  adjusted  they  are  carried  to  the  blanch- 
ing or  whitening-house,  i.  e,  the  place  where  the  gold  blanks 
have  their  colour  given  them,  and  the  silver  ones  are  whitened ; 
which  is  done  by  heating  them  in  the  furnace,  and,  when  taken 
out  and  cooled,  boiling  them  successively  in  two  copper  vessels, 
with  water,  common  salt,  and  tartar :  and,  after  that,  scouring 
them  well  with  sand,  and  washing  them  with  common  water, 
drying  them  over  a  wood  fire,  in  a  copper  sieve,  wherein  they 
are  put  when  taken  out  of  the  boilers. 

Formerly  the  planchets,  as  soon  as  blanched,  were  carried  to 
the  press,  to  be  struck,  and  receive  their  impressions ;  but  now^ 
they  are  first  marked  with  letters  or  graining  on  the  edges,  to 
prevent  the  clipping  and  paring  of  the  species,  which  is  one  of 
the  ways  wherein  the  ancient  money  used  to  be  damaged. 
The  machine  used  to  mark  the  edges  is  very  simple,  yet  ingeni- 
ous ;  it  consists  of  two  plates  of  steel,  in  form  of  rulers,  about 
the  thickness  of  a  line,  on  which  the  legend  or  edging  is  en- 
graven, half  on  the  one,  and  half  on  the  other.     One  of  these 
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plates  19  itninovieabley  being  strongly  bound  with  screws  t6  n 
copper  plate ;  and  diat  again  to  a  strong  boards  or  table :  the 
other  is  moveable^  and  slides  on  the  copper  plate  by  means  of  a 
handle^  and  a  wheel,  or  pinion  of  iron,  the  teeth  whereof  catch 
in  a  kind  of  other  teeth,  on  the  surface  of  the  sliding  plat6. 
Now,  the  planchet,  being  placed  horizontally  between  these 
two  plates,  is  carried  along  by  the  motion  of  the  moveable  one : 
so  as  by  that  time  it  has  made  half  a  turn  it  is  found  marked  ^l| 
round*     See  fig.  1.  pi.  XIV. 

This  machine  is  so  easy,  that  a  single  man  is  able  to  mark 
twenty  thousand  planchets  in  a  day.  Savang  pretends  it  was 
invented  by  the  sieur  Castagin,  engineer  to  the  French  king, 
and  first  used  in  1685.  But  it  is  certain  we  had  the  art  of  let* 
lering  the  edges  in  England  lon^  before  that  time ;  witness  the 
crowns  and  half-crowns  of  Oliver  Cromwell  struck  in  1658, 
which  for  beauty  and  perfection  far  exceed  any  French  coiiis 
•we  have  ever  seen. 

Lastly,  the  planchets,  being  thus  edged,  are  to  be  stamped, 
i«  e«  their  impression  is  to  be  given  them  in  a  sort  of  mill.  Of 
press,  by  the  French  called  a  balancier,  invented  towards  the 
latter  end  of  the  sixteenth  century.     See  its  figure  in  fig.  S. 

pi.  XlV. 

Its  chief  parts  are  a  beam,  screw,  arbor,  &c.  all  contained  id 
the  body  of  the  machine,  except  the  first,  which  is  a  long  iron 
bar,  with  a  heavy  ball  of  lead  at  each  end,  and  rings,  to  which 
are  fastened  cords,  which  give  it  motion :  this  is  placed  hori- 
lontally  over  the  body  of  the  machine.  In  the  middle  of  the 
beam  is  fastened  a  screw,  which,  by  turning  the  beam,  serves  to 
press  the  arbor  underneath  it ;  to  the  lower  extremity  of  which 
arbor,  placed  perpendicularly,  is  fastened  the  dye,  or  matrice, 
of  the  reverse,  or  arm  side,  in  a  kind  of  box,  or  case,  wherein  it 
is  retained  by  screws :  and  under  this  is  a  box,  or  case,  contaiOr 
ing  the  dye  of  the  image-side,  firmly  fastened  to  the  lower  part 
of  the  engine,  fig.  3. 

Now  when  a  planchet  is  to  be  stamped  it  is  laid  on  th^ 
image-4natrice,  upon  which  two  men  draw,  each  on  his  side, 
one  of  the  ropes  of  the  beam,  and  turn  the  screw  fastened  in  it ;; 
which  by  this  motion  lowers  the  arbor  to  which  the  dye  of  the 
arms  is  festened :  by  which  means  the  metal  being  in  the  mid« 
die,  at  once  receives  an  impression  on  each  side,  from  either 
dye.  As  to  the  press  formerly  used,  it  has  all  the  essential  parts 
of  a  balancier,  except  the  beam,  which  is  here,  as  it  were,  di* 
vided,  and  only  drawn  one  way. 

The  blanks  having  now  all  their  marks  and  inipressions,  bodi 
on  the  edges  and  faces,  become  money;  but  they  have  not  cur- 
rency till  they  havQ  been  weighed  and  exunined* 
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For  tJu  Coining  of  Medals  the  progress  is  the  saoie,  in  effecl;, 
with  that  of  moaey :  the  principal  difFerence  con9ist8  in  this, 
that  money^  having  but  a  small  relievo,  receives  its  impression 
at  a  single  stroke  of  the  engine;  whereas,  for  medals,  the 
height  of  their  relievo  makes  it  necessary  that  the  stroke  be 
repeated  several  times :  to  this  end  the  piece  is  taken  out  from 
between  the  dyes,  heated,  and  returned  s^ain ;  which  process, 
in  medallions,  and  large  medals,  is  sometimes  repeated  fifteen 
or  twenty  times,  before  the  full  impression  be  given ;  care  being 
taken,  every  time  the  planchet  is  removed,  to  take  off  the  super- 
fluous metal  stretched  beyond  the  circumference,  with  a  file. 

An  improvement  has  been  lately  suggested  in  the  coining- 
pre^s,  by  a  Mr.  Huigenan,  we  believe,  who  has  introduced  die 
principle  of  the  heart-wheel  both  in  this  contrivance  and  in  his 
universal  lever.  The  method  Mr.  H.  recommends  may  be  un- 
derstood by  referring  to  fig.  4.  pi.  XIV.  cb  is  part  of  a  table 
or  plane  on  which  is  fixedlthe  box  containing  the  dye  f  of  the 
image  side  of  the  coin,  and  CA  is  a  lever  to  which  is  attached 
the  dye  £  of  the  reverse  side  in  a  case  retained  by  screws ;  and 
this  is  so  posited,  that  by  turning  ca  on  the  centre  c  the  parts 
X  and  F  may  be  brought  the  one  immediately  above  the  other. 
6  is  an  elliptical  or  heart-wheel  turning  upon  a  fixed  centre  by 
the  handle  or  winch  H,  and,  acting  upon  the  friction-wheel  D, 
gradually  forces  down  the  end  A  of  the  lever^  and  carries  with  it 
die  dye  e,  causing  it  to  press  very  hard  upon  the  metal  placed 
on  the  lower  dye  f,  at  the  time  the  extremity  i  of  the  elliptical 
wheel  is  in  contact  with  the  upper  part  of  the  wheel  o.  Then 
the  motion  of  the  winch  proceeding,  the  spring  s  raises  up  the 
lever  ca,  and  thus  leaves  room  to  remove  tihe  metal:  place 
another  at  f,  and  repeat  the  operation.  The  whole,  it  is  ob- 
vious, may  be  carried  on  with  considerable  expedition ;  but 
whether  the  method  b  on  the  whole  preferable  to  that  before 
described  is  what  we  do  not  here  attempt  to  decide. 

In  the  machinery  invented  for  coining  by  Boulton  and  Watt, 
and  lately  introduced  in  the  Mint;  the  screw  presses  for  cutting 
out  the  circular  pieces  of  metal  are  v^orked  with  great  faciUty, 
and  both  the  edges  and  the  faces  of  the  money  are  coined  at 
the  same  time,  with  such  superior  excellence  and  cheapness  of 
workmanship  as  will  prevent  clandestine  imitation.  By  means 
of  this  machmery  four  boys  can  strike  30,000  pieces  of  money 
in  an  hour:  the  machine  has  this  farther  advantage,  that  it 
serves  as  a  .regbter,  and  keeps  an  unerring  account  of  the  num- 
ber of  pieces  struck. 

COMPASSES  (beam),  a  kind  of  compasses  used  to  draw 
large  arcs,  and  to  take  large  extents,  &c.  These  compasses 
consist  of  a  straight  beam  or  bar^  of  IB^  inches,  2  feet  or  more 
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in  lengthy  carrying  two  brass  cursors ;  one  of  tkese  being  fixed 
at  one  end,  the  other  sliding  along  the  beam,  with  a  screw  to 
fasten  it  on  occasionally.  To  the  cursors  may  be  screwed 
points  of  any  kind,  as  of  steel,  brass,  pencils,  &c.  The  fitted 
cursor  has  sometimes  an  adjusting  or  micrometer  screw  applied 
to  it,  for  the  more  nice  obtaining  of  extents. 

The  beam  is  divided  commonly  into  inches,  tenths,  and  half 
tenths :  but  Mr.  Walton,  an  ingenious  mechanic,  in  the  proof 
department  of  the  Royal  Arsenal,  Woolwich,  has  improved  this 
instrument  and  nmch  extended  its  utility,  by  applying  a  nonius 
to  its  scale,  which  renders  it  fit  to  take  distances  to  hundredth 
parts  of  an  inch.     Part  of  a  beam  with  the  additions  of  Mr. 
Walton  are  shewn  in  fig.  1.  pi.  XVIII.  where  IK  represents 
more  than  4  inches  in  length  of  a  beam,  which  is  made  of 
ebony,  the  divisions  being  marked  upon  brass  laid  into  the  ebony. 
ABCD  and  £FGH  are  two  brass  cases  which  nearly  lit  the  bedm, 
.   and  may  slide  to  and  fro  upon  it :  these  brass  cases  carry  the 
cursors  and  points  "l  and  m,  which  are  fastened  into  sockets  by 
means  of  screws  at  n  and  o.     The  case  abcd  has  two  scre^ys 
be  and  a,  both  of  which  are  turned  by  means  of  forked  turn- 
screws  :  the  first  of  these  screws,  be,  serves  to  move  the  bras$ 
case  backwards  and  forwards  on  the  beam,  in  order  to  adjust 
the  point  l  so  as  to  correspond  with  the  commencement  ot  the 
divisions  on  the  beam ;  and  when  that  is  done  the  screw  a,  by 
pressing  a  spring,  makes  the  whole  fast  to  the  beam.     The  other 
brass  case  efgh  carries  the  cursor  and  point  m,  as  well  as  the 
moveable  nonius  ei:  this  nonius  is  at  the  extremity  of  a  piece 
efghkiy  which  is  moved  to  and  fro  upon  the  case  efgh  by 
means  of  the  screw  opqs,  which  is  turned  by  the  milled  bead 
rst :  the  shoulders  at  p  and  g  prevent  the  screw  from  moving 
either  backward  or  forward  with  respect  to  the  line  fh,  while 
the  threads  of  the  screw  between  o  and  p,  by  taking  upon  the 
moveable  piece  ajghki,  cause  the  nonius  to  move  along  thfe 
edge  of  the  graduated  scale  of  the  beam  :  turning  the  head  of 
the  screw  in  the  direction  rst  moves  the  nonius  in  the  direc- 
tion from  K  towards  i  on  the  beam :  and  turning  thai  head  in 
the  direction  tsr  advances  the  nonius  according  to  the  increas- 
ing measure  upon  the  scale  from  i  towards  k.     The  screw 
d  with  its  milled  head  p,  by  pressing  upon  a  spring,  will  at  any 
time  make  the  case  efgh  fast  to  the  beam,  and  thus  prevenL 
when   necessary,  any  change   of  distance  between  l  and  M. 
Fig.  3.  is  a  transverse  section  of  the  brass  case  efgh  :  it  servei^ 
to  shew  the  form  1,2,  3,  4,  5,  of  the  beam,  bevelled  off  to  an 
edge  at  4 ;  also  the  bevel  of  the  nonius  at  e ;  the  dovetail  at  y^ 
against  which  one  shoulder  of  the  micrometer  screw  presses ;  anil 
the  piece  fv,  into  which  the  three  screws  /,  m,  n  (fig,  1.)  enter. 
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Other  parts  of  the  construction  will  be  sufficiently  obvious 
from  these  figures. 

CONDE^iSER,  a  pneumatic  engine  or  syringe,  by  which 
an  extraordinary  quantity  of  air  may  be  crowded  or  pushed  into 
a  g^ven  space;  so  that  frequently  ten  times  as  much  air  as  an 
equal  space  would  contain  out  of  the  engine  may  be  thrown  in 
by  means  of  it^  and  its  egress  prevented  by  valves  properly  dis- 
posed. 

The  condenser  is  made  either  of  metal  or  of  glass^  and  eitbet 
in  a  cylindrical  or  globular  form;  and  the  air  is  forced  into  it 
by  an  injecting  syringe.  The  receiver  or  vessel  containing  the 
condensed  air  should  be  made  very  strong,  to  bear  the  force  of 
tke  air's  elasticity  thus  increased :  for  which  reason  it  is  com- 
monly made  of  brass.  When  glass  is  used  it  will  not  sustain  so 
great  a  condensation  of  air;  but  the  experiment  will,  notwith- 
standing, be  rendered  more  entertaining,  as  the  effect  of  the 
condensed  air.  upon  any  subject  put  within  the  receiver  may  be 
viewed  through  the  glass* 

Condenser  of  Forces,  a  name  given  by  M.  Prony  to  a 
contrivance  for  obtaining  the  greatest 'possible  eifect  from  a 
first  mover,  the  energy  of  which  is  subject  to  augmentation 
or  diminution  within  certain  limits ;  and  in  general  to  vary  at 
pleasure  the  resistance  to  which  the  effort  of  the  first  mover 
forms  an  equilibrium  in  any  machine  whatever,  without  chang- 
iog  any  part  of  their  construction. 

The  general  problem  in  mechanics,  of  which  this  condenser 
is  intended  as  a  practical  solution,  is  enunciated  by  M.  Prony 
in  these  terms: 

**  Any  machine  being  constructed,  to  find,  without  making 
any  change  in  the  construction,  a  means  of  transmitting  to  it 
the  action  of  the  first  mover,  by  fulfilling  the  following  condi- 
tions, viz. 

"  1.  That  it  may  be  possible  at  pleasure,  and  with  great 
speed  and  facility,  to  vary  the  resistance  (against  which  the 
efforts  of  the  first  mover  must  continually  make  an  equilibrium) 
ifl  limits  of  any  required  extent. 

"  2.  That  the  resistance,  being  once  regulated,   shall  be 
rigorously  constant  until  the  moment  when  it  is  thought  proper 
j      to  increase  or  diminish  the  same. 

"  3.  That  in  the  most  sudden  variations  of  which  the  effort 
of  the  first  mover  may  be  capable,  the  variation  in  velocity  of 
the  machine  shall  never  undergo  a  solution  of  continuity." 

M.  Prony  applies  his  solution  of  this  problem  to  the  dynamic 
effect  of  wind:  it  will  be  easy  to  make  tlie  same  general  when 
the  other  first  movers  are  used. 
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The  section  and  plan  of  the  machine  are  exhibited  in  pi.  Xlt^« 
oo  represents  the  vertical  arbor  to  which  wtndmiii  sails  ttte 
adapted;  eeee  is  an  assemblage  of  carpentry,  of  which  one  of 
the  radii,  oe,  bears  a  curved  piece  bd,  of  iron  or  steel :  Viertical 
axes  of  rotation  aaa^  being  placed  round  the  axis  oo,  ii$b 
divide  the  circumference  in  which  they  are  found  into  eqiittl 
parts. 

Each  of  these  axes  carries  a  curve,  qfy  of  iron,  steel,  olr 
copper;  so  situated,  that  when  the  wind  acts  upon  the  sails  the 
curve  bd  presses  against  one  of  the  curves  of,  and  causes  the 
vertical  axis  to  which  this  last  curve  is  fixed  to  make  a  portion 
of  a  revolution. 

The  curves  bd  and  of  must  be  so  disposed,  that  when  bi 
ceases  to  press  on  one  of  the  curves  qf^  it  shall  at  the  sMI^ 
instant  begin  to  act  upon  the  following  curve:  the  numb«f  of 
axes  which  are  proved  with  these  curves  must  be  defeHAUled 
by  the  particular  circumstances  of  each  case;  and  it  ia  afoo 
practicable  to  substitute,  instead  of  bd,  a  portion  of  a  toodied 
wheel  having  its  centre  at  the  axis  oo,  and  to  place  pCntions 
of  pinions  instead  of  the  curves  of;  bttt  the  disporitlontf  te^ 
presented  in  the  figure  are  preferable. 

Each  of  these  axes  aacta  (which  are  all  fitted  Up  alike^ 
though,  fw  the  sake  of  clearness,  only  one  of  them  has  itA 
apparatus  represented  in  the  drawing),  carries  upon  it  a  drum 
or  pulley  ttrr,  on  which  is  wound  a  cord  that  passeii  over  a 
pulley  p,  and  serves  to  support  a  weight  g  by  metint  of  the  lever 
vo,  upon  which  this  weight  may  be  stided  and  ftstefiefi  at 
different  distances  from  the  point  of  motion  g. 

The  same  axes  aa  pass  through  the  pinions  qq^  W  which 
they  are  not  fixed ;  but  these  pinions  carry  clicks  at  ratchets, 
which  bear  aguinst  the  teeth  rr-,  so  that,  when  the  W^ht  q 
tends  to  rise,  the  ratchet  gives  way,  and  no  other  effect  -  is 
produced  on  the  pinion  qq,  either  by  the  motion  of  die  at  is  or 
of  the  drum  ttrr,  excepting  that  which  causes  the  ascent  of  the 
weight  qq.  But  the  instant  that  the  curve  or  tooth  bd  ceases-  to 
bear  against  one  of  the  curves  of,  after  having  caused  the  cor- 
responding weight  Q  to  rise,  that  weight  g  tends  to  redescend, 
and  iben  the  toothed  wheel  rr  acts  against  the  ratchet,  so  that 
g  cannot  descend  without  turning  the  pinion  qq  along  with  tha 
drum  ttrr. 

The  pinion  qq  takes  in  the  wheel  ab,  from  the  motion  o; 
which  the  useful  effect  of  the  machine  immediately  results;  so^ 
that  the  effect  of  the  descent  of  one  of  the  weights  q  is  iic^ 
solicit  the  wheels  a  B  to  motion,  or  to  continue  the  itioti6ti  wm 
concurrence  with  all  the  othei  weights  Q,  which  descend  at  A^ 
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Bftiiie  time.  This  ivheel  ab  carries  beneath  it  oblique  or  bevelled 
teeth  GD>  which  take  iu  a  like  wheel  cb^  and  cause  the  buckets 
at  s  to  rise. 

From  the  preceding  description  it  is  seen  that  the  machine, 
being  supposed  to  start  from  a  state  of  repose,  the  wiud  will 
at  first  raise  a  number  of  weights  g,  sufficient  to  put  the  ma- 
chine into  motion,  and  will  continue  to  raise  new  weights  while 
^ose  before  raised  are  fallen;  so  that  the  motion  once  impressed 
will  be  continued. 

Among  the  numerous  advantages  of  this  new  mechanism  we 
may  remark  the  following : 

1.  No  violent  shock  can  take  place  in  any  part  of  the 
mechanbm. 

2.  The  useful  effect  being  proportioned  to  the  number  of 
Weights  Q,  which  descend  at  the  same  time,  this  effect  will 
increase  in  proportion  as  the  wind  becomes  stronger^  and  causes 
the  sails  to  turn  with  more  velocity. 

9.  The  weights  q  being  moveable  along  the  levers  fg,  it  will 
always  be  very  easy  to  place  them  in  such  a  manner  as  to  obtain 
that  ratio  of  the  effort  of  the  first  mover  to  the  resistance  which 
will  produce  the  maximum  of  effect. 

4.  From  this  property  it  results  that  advantage  may  be  taken 
of  the  weakest  breezes  of  wind,  and  to  obtain  a  certain  product 
in  circumstances  under  which  all' other  windmills  are  iu  a  state 
of  absolute  inactivity.  This  advantage  is  of  great  importance, 
particularly  with  regard  to  agriculture:  the  windmills  employed 
for  watering  lands  are  sometimes  inactive  for  several  days,  and 
this  inconvenience  is  more  particularly  felt  in  times  of  drought. 
A  machine  capable  of  moving  with  the  slightest  breeze  must 
therefore  offer  the  most  valuable  advantages. 

CRAB  or  GIN,  an  engine  used  for  mounting  large  guns  on 
their  carriages,  Sec.  It  is  composed  of  three  long  and  stout 
legs  meeting  together  at  their  tops ;  these  legs  are  round  poles 
ofabout  12  or  13  feet  long,  whose  diameters  at  the  lower  ends 
are  about  four  inches,  five  just  below  the  roller,  besides  the 
cheeks  that  are  added  to  them  in  that  place,  and  about  3^  inches 
above.. 

Two  of  these  poles  can  be  fixed  at  a  certain  distance  from 
each  other,  by  means  of  two  iron  bars  placed  horizontally^  one 
being  about  four  feet  long,  the  other  about  seven;  and  a  roller  is 
made  to  run  upon  pivots  turning  on,  or  in,  these  two  poles : 
this  roller  is  commonly  7^  inches  in  diameter,  aud  six  feet  long. 
A  portion  of  20  inches  is  left  square  at  each  end,  and  holes 
made  in  each  to  receive  the  handspikes  by  which  the  men  turn 
the  roller:  but  the  middle  part  is  made  cylindrical,  to  wind  the 
cable  upon.    The  transverse  iron  bars  are  fixed  with  one  end 
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to  one  of  the  poles  by  means  of  a  bolt,  and  with  the  other  end 
to  the  other  pole  with  a  bolt  and  key;  so  as  to  be  readily  taken 
out,  ill  order  that  when  the  gin  is  to  be  removed  from  phice  to 
place  the  poles  may  lie  close  together  upon  the  carriage. 
There  are  two  iron  bands  and  two  iron  bolts  to  fasten  each 
cheek  (for  the  pivots)  to  the  poles,  and  iron  plates  round  the 
poles  where  the  iron  bars  are  fixed.  The  poles  are  hooped  at 
each  end;  and  the  upper  ends  have  straps  through  which  art 
iron  bolt  passes:  this  bolt  keeps  the  upper  ends  together,  as  well 
as  serves  to  support  the  iron  to  which  the  windlass  is  hooked. 
The  windlass  contains  two  brass  pullies,  about  which  the  cable 
goes,  which  is  fixed  to  the  dolphins  of  the  gun  or  mortar  with 
another  windlass,  containing  two  brass  puUies  likewise/  Whta 
this  machine  is  used  the  whole  is  laid  flat  on  the  ground,'  the 
lower  end  of  the  single  pole  extending  the  contrary  way,  in 
order  to  fasten  the  upper  windlass  after  the  cable  has  been 
turned  round  both :  after  this  the  upper  end  is  raised  gradually  till 
the  feet  of  the  three  poles  (each  of  which  has  an  iroti  prOng) 
stand  nearly  at  equal  distances ;  in  such  a  manner  as  the  legs  of  a 
theodolite  or  plain  table,  when  set  up  for  use  in  the  practice 
of  surveying. 

CRANE,  a  machine  used  in  building,  on  M'harfs,  and  in 
warehouses,  for  raising  and  lowering  huge  stones,  ponderous 
weights,  packages,  &c. 

1.  Cranes  until  of  late  years  were  commonly  constructed  a9 
follows:  the  principal  member  is  a  strong  upright  beam  or 
arbor,  firmly  fixed  in  the  ground,  and  sustained  by  eight  arms, 
coming  from  the  extremities  of  four  pieces  of  wood  laid  across^ 
through  the  middle  of  which  passes  the  foot  of  the  beam. 
About  the  middle  of  the  arbor  the  arms  meet,  and  are  mortised 
into  it :  its  top  ends  in  an  iron  pivot,  on  which  is  borne  a  trans- 
verse piece,  advancing  out  to  a  good  distance,  something  after 
the  manner  of  a  crane's  neck,  whence  the  machine  has  its  name. 
Tliis  projecting  piece  is  now  more  commonly  called  the  jib  Or 
gibbet.  The  middle  and  extremities  of  this  are  again  sustained 
by  arms  from  the  middle  of  the  arbor:  and  over  it  comes  a  rope 
or  cable,  to  one  end  of  which  the  weight  is  fixed;  the  other  is 
wound  about  the  spindle  of  a  wheel,  which  whfen  turned  (com- 
monly by  means  of  men  walking  upon  the  inside  of  the  rim  of 

y  the  wheel)  disaws  the  rope,  and  that  heaves  up  the  weight; 
which  may  afterwards  be  applied  to  any  side  or  quarter  by  the 
mobility  of  the  transverse  piece  on  the  pivot.  These  cranes 
have  usually  been  made  of  two  kinds :  in  the  first,  called  the 
rat-tailed  crane,  the  whole  machine  with  the  load  turns  upon  a 

.  strong  axis :  in  the  second  kind  the  gibbet  alone  moves  on  its 
axis.  But  in  cither  kind,  if  the  machinery  be  put  into  motion  hf 
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walking  Within  the  wheels  as  has  been  till  lately  the  nearly 
universal  practice  in  this  country,  the  labourers  employed  are 
exposed  to  extreme  danger,  and  have  frequently  met  with  the 
most  shocking  and  fatal  accidents.  It  is  not  then  to  be  won^ 
dared  at,  that  skilful  mechanists  should  at  length  have  devised 
cranes  that  are  not  only  more  safe,  but  more  powerful  in  their 
operation,  than  the  common  walking  crane :  a  few  of  the  best 
of  these  will  be  described  in  the  present  article. 

2.  The  late  Mr.  Ferguson  invented  a  crane  which  has  three 
trundles,  u'ith  different  numbers  of  staves,  that  may  be  applied 
Id  the  cogs  of  a  horizontal  wheel  with  an  upright  axle ;  round 
wliich  is  coiled  the  rope  that  draws  up  the  weight.  This 
^eel  has  96  cogs;  the  largest  trundle  24  staves,  the  next  12, 
and  the  smallest  6,  so  that  the  largest  revolves  4  times  for  one 
revolution  of  the  wheel;  the  next  8,  and  the  smallest  16.  A 
winch  is  occasionally  fixed  on  the  axis  of  either  of  these  trundles 
for  turning  it;  and  is  applied  to  the  one  or  the  other  accordiiq^ 
as  the  weight  to  be  raised  is  smaller  or  larger.  While  this  is 
drawing  up,  the  ratch-teetfa  of  a  wheel  slip  round  below  a  catch 
that  falls  into  them,  prevents  the  crane  from  turning  backwards, 
and  detains  the  weight  in  any  part  of  its  ascent,  if  the  man  who 
works  at  the  winch  should  accidentally  quit  his  hold,  or  wish  to 
rest  himself  before  the  weight  is  completely  raised.  Making  a 
due  allowance  for  friction,  a  man  may  raise  by  such  a  crane 
from  three  times  to  twelve  times  as  much  in  weight  as  would  . 
balance  his  effort  at  the  winch;  viz.  from  90  to  d60lbs.  taking 
the  average  labour. 

Other  ingenious  contrivances  by  Mr.  Ferguson  may  be  seen 
in  his  SeUct  Exercises;  but  as  the  book  is  in  Uie  hands  of  almost 
every  practical  mechanic,  we  would  rather  refer  to  it  than 
extract  accounts  of  these  inventions. 

3.  The  crane  presented  in  pi.  VIL  is  a  portable  one,  mounted 
in  a  wooden  frame  and  stage,  which  is  judged  to  be  very  useful 
for  loading  and  unloading  carts  with  large  heavy  stones.  It  is 
moveable  to  any  part  of  a  stone-yard v or  ground;  the  frame  is 
sufficiently  wide  for  a  cart  to  draw  under  the  crane,  and  at  any 
time  it  may  be  taken  to  pieces.  The  frame  a  aaa  is  made  of 
wood,  is  about  9  or  10  feet  high,  and  about  9  feet  square.  The 
wheels  bb  are  of  iron,  and  are  about  3  feet  in  diameter;  and 
the  pinion  d,  that  is  fixed  to  the  axis  of  the  first  wheel  b,  8 
iocbes  in  diameter:  on  the  axis  of  the  second  wheel  b  the  axis 
round  which  the  rope  coils  is  fixed.  Now  the  stones  being 
corded  and  hooked  at  the  end  of  the  rope,  it  is  very  evident 
that  die  man  at  c  will  either  raise  or  lower  them  as  may  be 
necessary,  according  as  he  turns  the  winch  towards  or  from 
him,  wd  in  a  safe  mi  very  easy  manner.    The  advantage  in 
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point  ofpower  being  in  proportion  as  the  product  of  the  racfii 
of  the  wheels  to  those  of  the  pinions.  •* 

4*  Fig.  7«  pf*  XII.  is  a  representation  of  a  cfane-canili|;e 
which  Mr.  Gottlieb  conceives  to  be  very  useful  in  movi^  large 
stones  in  quarries,  where  carts  and  horses  cannot  be  conve- 
niently or  at  all  managed.  Its  principle  is  evident  from  a  bare 
view  of  the  figure.  It  consists  only  of  two  sets  of  crane-wheels 
applied  to  the  two  sets  of  wheels  belonging  to  the  carriage ;  eo 
that  two  men,  one  at  each  winch  a  a,  turning  the  pinions  and 
wheels  round,  shall  act  upon  the  carr^ge-wheels  and  move  it 
along.  By  their  both  turning  forwards  or  backwards,  the  car^ 
riage  goes  accordingly;  but  if  they  turn  contrary,  ways,  the  car- 
riage vnH  be  turned  round,  or  partly  so,  as  may  be  wanted. 
The  pinion  ^  is  6  indhes  in  diameter,  which  turns  the  wheel  c 
^f  3  feet  diameter,  on  the  axis  of  which  is  fixed  the  pinion  D  of 
1  foot  diameter,  which  works  into  two  wheels  £,£,  of  S  feet  6 
inches  diameter,  that  are  fixed  upon  the  carriage* wheels,  and 
give  moti6n  to  die  whole  machine. 

5.  Mr.  Abraham  AndrewSy  of  Higham  Ferrers,  in  Northamp-^ 
tonriiire,  has  invented  a  crane  which  weighs  the  body  suspends 
at  the  time  it  is  raising:  an  improvement  for  which  the  Socie^ 
for  the  Encouragement  of  Arts,  &c.  granted  him  a  premium  of 
15  guineas.  This  crane  is  shewti  in  %.  3.  pi.  IX.  The  jib  of 
the  crane  stands  on  a  horizontal  beam,  moveable  on  a  centre  at 
a:  and  the  distance  of  the  centre  a,  from  the  bearing  of  die 
;Mprigfat,  being  to  the  distance  b,  iu  proportion  of  1  to  20,  the 
weight  placed  at  b  determines  that  of  the  body  suspended 
in  the  same  proportion,  c  is  a  stub,  or  piece  of  wood,  which 
projects  from  the  weight  hanging  at  the  end  of  die  jib,  and 
aerves  to  prevent  the  beam  from  rising  to  too  great  a  heig^. . 

This  jib  should  be  placed  in  the  same  vertical  plane  with  the 
part  ba  of  the  crane,  at  the  time  the  weight  is  adjusted;  odier^ 
wise  it  will  occasion  a  friction  which  may  prevent  the  moveable 
beam  from  playing  freely.  The  other  parts  of  the  crane  are  so 
obvious  in  their  construction  as  not  to  require  a  more  muiiite 
description. 

6.  The  society  just  mentioned  have  lately  voted  40  guineas 
to  Mr.  Robert  £fa%,  jun.  of  Basford,  near  Nottingham,  for  his 
jngenious  invention  of  a  method  to  expand  a  set  of  bars  panJlel 
to  the  axis  of  a  crane,  by  which  means  the  velocity  of  the  rope 
in  raising  weights  may  be  increased  or  diminished  in  propMv 
tion  to  the  load  to  be  raised* 

A  description  and  engraving  of  tfab  crane  are  given  in  die 
twefth  volume  of  the  Societ/s  Transactions,  from  which  we 
have  drawn  up  the  following  account  of  it: 

The  ends  pf  tiite  reel  (^.  L  and  5.  pi.  XUI.)  coasbt  «adi  of 
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two  fiat  plates  or  circular  pieces^  shewn  separately  ia  fig*  3. 
and  3.  These  circular  plates  form  the  two  ends  of  the  reel^ 
and  are  held  fast  on  the  spindle  or  axis  by  pins  passed  through 
its  endsy  of  which  one  may  be  seen  at  a,  fig.  2.  and  another  lu 
the  end  shewn  in  fig.  5.  llie  outer  circular  plate  (fig.  3.)  of 
each  end  of  the  reel  has  a  spiral  groore  cut  in  it,  as  shewn  at 
i;  and  the  inner  circles  have  each  eight  mortices  cut  quite 
dirough  them,  as  shewn  at  c^  fig.  2.  (seen  partly  also  in  fig.  1, 
and  5.).  The  outer  plates  have  also  an  iron  tube,  d^  made  fast 
to  them  by  means  of  a  flange  or  collar,  and  the  screws  ee^  fig«-2. 

\^nien  the  parts  are  all  joined  (as  shewn  in  fig.  1.),  the  axis 
/  passes  through  the  tube  a,  and  thus  the  ends  are  connected. 
In  fixing  the  cross  bars,  two  of  which  are  shewn  detached  in 
fiff.  4.,  the  parts  gg  slide  in  the  mortices  c  of  the  inner  circular 
plates,  and  the  small  ends  or  tenons  hh  go  fairly  through  the 
mner  and  enter  the  spiral  grooves  of  the  outer  plates. 

Tlie  inner  and  outer  circular  plates  are  locked  together  by  & 
eatch  (i,  %.  1.2.  and  6.)  the  stationary  part  of  which  is  made 
fast  to  the  inner  plate  (see  fig.  2.\  while  the  catch  itself,  by 
means  of  a  spring,  is  kept  in  a  notch  on  the  edge  of  the  outer 
plate.  When  the  diameter  of  the  reel  is  to  be  enlarged  or  dimi- 
nished, it  is  effected  by  bringing  the  reel  round  to  the  position 
shewn  in  fig.  6.,  when  a  hook  k  is  put  into  a  hole  /,  which  keeps 
the  inner  circular  plate  in  that  position  till  the  adjustment  is 
made  by  lifting  the  catch  from  the  notch  of  the  outer  end-plate 
far  enough  to  be  kept  disengaged  by  the  hook  ^,  before  mentioned^ 
being  thrust  quite  through  the  hole  /:  the  handle  m  being  then 
turned,  the  outer  plate  only  is  carried  round,  and  the  tenons  or 
smi^l  ends  of  the  cross  bars  (being  prevented  from  being  carried 
round  with  it,  by  the  mortices  of  the  inner  plates  tlirough  which 
diey  pass  being  stationary)  are  obliged  to  change  their  distanee 
from  the  axis  by  the  spiral  groove  sliding  over  them,  while  they 
are  able  to  move  nearer  or  Airther  from  the  axis  by  sliding  in 
radial  mortices  of  the  inner  end  plate. 

The  handle  m  being  tunied  till  the  reel  is  of  the  size  requinsd^ 
the  hook  k  is  withdrawn  or  pushed  out,  and  the  crane  is  then 
ready  for  work. 

{t  is  necessary  to  observe  that  the  tenons  hh  must  be  cut,  so 
diat  the  outside  of  all  the  bars  next  the  rope  shall  be  at  an  ^qual 
distance  from  the  centre.  If  the  temm  of  the  first  bar  that  is 
placed  \\i  the  reel  be  cut  like  the  tenons  AA,  fig.  4.  the  last  of 
4iem  must  be  cut  the  same  as  the  tfsnons  nn,  fig.  4- ;  and  all  the 
other  tenons,  at  the  extremities  of  the  several  bars,  must  h^  nt 
proper  distances  betweeii  these  extremes,  as  is  shewn  by  the 
dotf  f  \^  the  mortices  fig.  2. 

Thff  other  ptrts  pf  me  crane  nn^y  be  sp  eniil]^  nnderstood 
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»  *  • 

from  an  inspectioa  of  the  engravings  that  any  further.  descritP 
tioB  is  unnecessary.  {Phil,  Mag.  No.  71.) 

7.  But  the  several  cranes  described  in  this  article  as  prefer- 
able to  the  comnion  walking-crane^  vt^hile  they  are  free  from 
the  dangers  attending  that  machine,  lose  at  the  same  time  one 
of  its  advantages ;  that  is,  they  do  not  avail  themselves  of  that 
addition  to  the  moving  power  vi'hich  the  weight  of  the  men 
who  are  employed  may  furnish.  Yet  this  advantage  has  been 
long  since  ensured  by  the  mechanists  on  the  continent,  who 
cause  the  labourers  to  walk  upon  an  inclined  plane,  turning 
upon  an  axis^  after  the  manner  shewn  in  the  figure  referred  to 
under  the  article  Footmilly  where  we  have  described  a  contri- 
vance of  that  kind,  well-known  in  Germany  full  150  years 
ago.    The  same  principle  has  been  lately  brought  into  notice, 

S:>bably  without  knowing  it  had  ever  been  adopted  before,  by 
r*  James  WkytCj  of  Chevening,  in  Kent :  his  crane  is  exhibited 

•  in  fig.  S.  and  4.  pi.  X.  as  it  was  described  in  the  Transactions  of 
the  Society  for  the  Encouragement  of  Arts. 

A  (fig.  8.)  is  a  circular  inclined  plane,  moving  on  a  pivot 
mdemeath  it,  and  carrying  round  with  it  the  axis  e.  A  person 
walking  on  this  plane,  and  pressing  against  the  lever  b,  throws 
off  the  gripe  d,  by  means  of  an  iron  rod  c ;  and  thus  admits  the 
plane  and  its  axis  to  move  freely,  and  raise,  the  weight  6  by  the 
coiting  of  the  rope  p  round  the  axis  e. 

To  shew  more  clearly  the  construction  and  action  of  the  lev^ 

•  and  gripe,  a  plan  of  the  circular  inclined  plane,  with  the  lever 
and  gripe,  is  added  (see  fig.  4.),  where  b  represents  the  lever,  p 
the  spring  or  gripe.  In  diis  plan,  when  the  lever  a  is  in  the 
situation  in  which  it  now  appears,  the  spring  or  gripe  n  presses 
against  the  periphery  of  the  plane,  as  shewn  by  the  double  line; 
and  the  machine  cannot  move  ;  but  when  the  lever  b  is  pressed 
out  to  the  dotted  line  h  the  gripe  is  also  thrown  off  to  the 
dotted  line  i,  and  the  whole  machine  left  at  liberty  to  move. 
One  end  of  a  rope  or  cord,  of  a  proper  length,  is  fixed  near  the' 
^od  of  the  lever  9,  and  the  other  end  made  fast  to  one  of  the 
iiprights,  serving  to. prevent  the  lever  moving  too  far  whei» 
pressed  by  the  man. 

The  supposed  properties  of  this  crane,  for  which  the  premiiim 
of  40  guineas  was  a^udged  by  the  society  to  the  inventor,  are 
at  follow: 

1.  It  b  simple,  consisting  merely  of  a  wheel  and  axle.  2.  It 
has  comparatively  little  friction,  as  is  obvious  from  the  bare 
]Bq)ection  of  the  figure.  S*  It  is  durable,  as  is  evident  from 
the  two  properties  above-mentioned.  4.  It  is  safe;  foritcan^ 
ii4t  move  but  during  the  pleasure  of  a  man,  and  while  hjB.iif9[  ac- 
tually presfing  on  tbe  gripe-lever.    5«  This  crane  admita  oil  a» 
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aTmoat  infinite  variety  of  different  powers,  and  this  variation  !• 
obtained  widiout  the  least  alteration  of  any  part  of  the  machine* 
If,  in  unloading  a  vessel,  there  should  be  found  goods  of  every 
weight,  from  a  few  hundreds  to  a  ton  and  upwards,  the  man 
diat  does  the  work  will  be  able  so  to  adapt  his  strength  to  each 
^  to  r^se  it  in  a  space  of  time  proportionate  to  its  weight ;  he 
walking  always  with  the  same  velocity  as  nature  and  his  greatest 
ease  may  teach  him. 

It  is  a  great  disadvantage  in  some  cranes,  that  they  take  as 
long  time  to  raise  the  smallest  as  the  largest  weight,  unless  die 
man  who  works  them  turn  or  walk  with  such  velocity  as  must 
soon  tire  him.  In  other  cranes,  perhaps,  two  or  three  different 
powers  may  be  procured ;  to  obtain  which,  some  pinion  must 
be  riiifted,  or  fresh  handle  applied  or  resorted  to.  In  diis  crane, 
on  the  contrary,  if  the  labourer  find  his  load  so  heavy  as  to 
permit  him  to  ascend  the  wheel  without  its  turning,  let  him 
only  move  a  step  or  two  toward  the  circumference,  and  he  will 
be  fuUy  equal  to  the  task.  Again,  if  the  load  be  so  light  as 
scarcely  to  resist  the  action  of  his  feet,  and  thus  to  oblige  him  to 
mn  through  so  much  space  as  to  tire  him  beyond  necessity,  let 
him  move  laterally  towards  the  centre,  and  he  will  soon  feel  the 
place  where  his  strength  will  suffer  the  least  fatigue  by  raising 
the  load  in  question.  One  man's  weight  applied  to  the  extre- 
mity of  the  wheel  would  raise  upwards  of  a  ton ;  and  it  need  not 
be  added,  that  a  single-sheaved  block  would  double  that  power. 
Suffice  it  to  say,  that  the  size  may  be  varied  in  any  required 
ratio ;  and  that  this  wheel  will  give  as  great  advantage  at  any 
point  of  its  plane  as  a  coihmon  walking- wheel  of  equal  diameter, 
as  the  inclination  can  be  varied  at  pleasure,  as  far  as  expe- 
diency may  require.  It  may  be  necessary  to  observe,  that  mat 
in  the  figure  is  the  frame,  and  seems  to  form  a  part  of  die 
crane,  must  be  considered  as  a  part  of  the  house  in  which  it  is 
placed;  since  it  would  be  mostly  unnecessary  should  mch 
csanes  be  erected  in  houses  already  built.  With  respect  to  the 
horizontal  part,  by  walking  on  wliich  the  man  who  attends  the 
jib  occasionally  assists  in  raising  the  load,  it  is  not  an  essential 
part  of  this  invention,  where  the  crane  is  not  immediately  conti- 
guous to  the  jib,  although,  where  it  is,  it  would  be  4:ertainly 
ivry  convenient  and  economiod. 

Notwithstanding,  however,  the  'advantages  which  have  bten 
hete  enumerated,  Mr.  Whyte's  crane  is  subject  to  this  theore- 
tical objection,  diat  it  derives  less  use  than  might  be  wiriied 
from  the  weight  of  the  man  or  men:  for  a  great  part  of  that 
weight  {half  ^  it,  if  the  indination  be  30  degrees)  li^  direcdy 
upon  the  plane,  and  has  no  tendency  to  produce  miotioB.  Be- 
me9,  when  thu  crane  is  of  small  ^utaamMh  the  effective 


IM  MACHINES. 


femercilke  f  m  fniy  mmamd,  aod  the  bond  loo  flBaOlbr 
wrwriiay  tirickfope:  when  LDfe^tbe  wc^bof  tbeantcmb 
added  to  dial  of  die  meD  pot  k  oot  of  Aape,  and  eive  it  d^ 
appgatapce  of  a  larg^  iimrieldj,  noiiog  flcM>r.  We  know 
lorge  crane  of  tfabcooftnictrai,  wfaidi  has  an  npright  poet 
IIm;  rim  on  eadi  flde^  to  iupport  it  and  keep  it  inihape;and,aa 
nmch  as  poMible  to  prevent  fticuon,  each  post  had  a  vertical 
wheel  at  iU  top*  We  were  informed  this  crane  was  seldom 
nsedy  and  ihatit  was  soon  put  out  of  oider.  Nor,  moreorer,  is 
itevery  Mtuataon  that  will  allow  the  cra»e-rope  to  farm  a  right 
aade  with  the  barrel  on  which  it  winds,  and  when  this  ai^e  is 
cwf/ae  the  friction  must  be  much  increased.  The  frictiam 
ariiiiig  from  the  wheeb  at  top  of  the  vertical  crutches  ni%h^ 
indaed^  be  got  shut  of,  by  making  the  inclined  wheel  very 
strong;  but  this  would  add  greatly  to  the  friction  of  the  lower 
gudgeon  of  the  oblique  shaf^  and  considerably  enhance  the  ex- 
pence  of  the  machine* 

8*  There  remains,  then,  another  stage  of  improvement  with 
regard  to  the  structure  of  cranes,  in  which  the  weight  ai  die 
faubourers  shall  operate,  without  diminution,  at  the  end  of  a 
karitontal  lever ;  and  in  which  the  impulsive  force  thus  arish^ 
mtq  be  occasionally  augmented  by  the  action  of  the  bands  either 
in  pushing  or  lifting.  This  step  in  the  progress  has  been  lately 
effiscted  by  Mr.  David  Hardie^  of  tlie  £astrliidia  Company's 
fiengal  warehouse.  After  a  few  preliminary  obbervatioos,  we 
shallpoint  out  the  distinguishing  particulars  of  this  gentleman's 
iuvention. 

The  capstaUi  the  wheel  and  pinion,  with  a  winch,  and  the 
walking-wheel,  are  the  cranes  in  common  use  at  the  present 
time  (  though  a  slight  view  of  the  method  of  working  these 
machines  might  be  sufficient  to  shew  that  they  are  essentially 
defective  in  regard  to  the  grand  abject  in  procuring  the  force 
of  men^  on  winch  the  quantity  of  work  perfurnied  necessarily 
dqpandi.  I'he  capstan  and  walking-wheel  call  for  little  or  no 
use  of  iho  arms;  and  the  crane  of  the  wheel  and  pinion  derives 
verv  little  advantage  from  the  legs,  while  the  force  of  the  men 
aoting  upon  the  witich  must  ot  neces>ity  be  very  fluctuating 
At  the  capstan,  and  wheel,  and  pinion,  a  considerable  force  ia 
expended  unproductivelv  in  giving  action  to  the  greater  part  of 
the  nien'i  weight,  which  does  not  contribute  to  the  moving 
power  of  the  machines ;  the  power  actually  exerted  seldom  ex« 
oeeding  \10  Ibp.  at  a  moderate  velocity.  The  merchants  and 
wharfingers  would  instantly  discharge  from  their  service  any 
p^lor  who  would  reluse  to  carry  a  load  of  inore  than  20  lbs*f 
yel  these  very  marchauH  and  wharfii^ers  are  daily  pa^g  fiiU 
irages  to  oraiM8Mi  fcr  exarting  a  Uxce  whicbi  when  duly  ap* 
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pBed^  18  greatly  vniiim  the  power  of, a  boj  often  or  twelve  years 
of  age.  And  as  to  the  common  walking-wheel,  the  men  who  are 
stationed  within  it  expend  a  great  portion  of  their  strength  in 
moving  themselves  forward ;  which  proves  unproductive,  be- 
cause the  effective  velocity  is  only  according  to  the  sum  of  die 
heights  attained,  and  the  waste  of  force  through  such  unprofit- 
able deviation  from  the  vertical  direction  renders  the  men  in- 
capable of  the  due  velocity  of  ascent :  besides,  the  velocity  of 
descent,  which  ought  to  be  proportional  to  a  due  velocity  of 
ascentyis  materially  impaired  by  the  shortening  of  the  effective 
lever  ni  the  course  of  its  depression,  and  a  consequent  diminu- 
tion of  mechanical  power;  and  these  obstructions  are  frequently 
aggravated,  by  placing  men  in  the  wheel  to  walk  behind  the 
others.  And  wnen  this  loss  of  labour  by  the  often  counter- 
operation  of  a  rear  rank  is  avoided  by  applying  an  additional 
wheel,  the  machine  occupies  much  space,  becomes  extremely 
expensive,  and  is  attended  with  extraordinary  friction.  AI« 
diough  nothing  but  necessity  can  justify  the  hazarding  of  the 
lives  of  men,  yet  the  walking-wheel  is  attended  with  imminent 
danger ;  and  being  a  very  defective  engine,  employed  without 
ridier  necessity  or  expediency,  those  persons  who  use  them  are 
responsible  to  humanity  for  the  shocking  disasters  they  fre- 
quently occasion.  But  the  various  evils  just  enumerated,  as 
well  as  many  others  which  attend  the  cranes  now  adverted  to, 
have  been  obviated  in  a  very  effectual  manner  by  Mr.  Hardie ; 
whose  crane  is  at  once  so  simple  and  efficient,  as  to  render  it  no 
easy  task  to  point  out  any  faults  which  it  has  npt  avoided,  or 
any  defects  which  it  has  not  supplied.  It  is  a  walking-crane ; 
but  the  men  walk  on  the  outside  of  the  wheel,  instead  of  inside 
of  the  rim ;  and  during  the  whole  of  their  labour  they  are  ex- 
posed to  no  kind  of  danger,  and  they  can  walk  in  an  uprisht 
posture,  well  suited  to  free  respiration.  Five  cranes  of  the  kind 
are  at  work  at  the  East-India  warehouses :  and  as  the  contri- 
vance (for  which  Mr.  Hardie  obtained  a  patent  about  1808^) 
must  ultimately  prove  a  Considerable  acquisition,  we  have  ex- 
amined the  construction  and  mode  of  operation  of  two  of  these 
machines  with  particular  attention,  that  we  might  be  enabled  to 
/umish  the  public  widi  the  following  description. 

The  reader  may  turn  to  plate  XI.  where  fig.  1.  is  an  elevation 
of  the  side  of  the  crane  on  which  the  men  operate. 

Fig.  2.  An  elevation  of  the  end  of  the  stage  to  assist  the  men 
in  stepping  on  and  off  the  wheel,  as  well  as  to  support  a  seat 
for  them  to  rest  upon,  in  the  intervals  between  the  operations. 
The  edge/*  of  this  stage  does  not  stand  more  than  4  inches  from 
thepoint  s  by  vriiich  the  edge  of  each  step  passes. 

I^.  S.  An  eleviation  of  die  end  of  the  whed. 
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Fig.  4.  An  elevation  of  the  side  of  the  crane,  opposite  to  that 
given  in  fig.  1.  The  same  letters  of  reference  txung  put  to  the 
corresponding  parts  in  these  figures.  . 

A  A  is  a  wheel  (on  the  principle  of  the  wheel  used  in  China 
for  men  working  at  the  chain-pump^  for  raising  water  to  Ae 
higher  grounds,  employed  in  the  culture  of  rice),  on  the  outside 
of  which  are  placed  24f  steps  for  the  men  to  tread  upon,  at  a 
situation  where  the  steps  are  found  at  a  height  equal  to  that  of 
the  axis,  or  where  the  plane  of  the  steps  becomes  horizontal ; 
the  diameter  of  the  wheel  being  6  feet,  steps  included.  The 
crane  represented  in  the  figure  is  adapted  for  4  men ;  though 
they  may  easily  be  contrived  for  5,  6,  or  8.  At  one  end  is  b, 
jthe  crane  rope  barrel,  of  a  diameter  suited  to  the  drafts  of  goods 
commonly  raised,  and  the  number  of  men  generally  allowed, 
with  c  a  brake-wheel,  all  fixed  on  the  same  axis,  and  d  a 
l)rake  attached  to  the  framing  of  the  crane,  to  press  on  the 
brake-wheel,  occasionally  to  stop  or  retard  the  motion ;  being 
conducted  by  a  man  at  the  loop-hole  by  means  of  x,  a  lever 
of  wood,  loaded  with  a  piece  of  lead  or  cast-iron  at  the  ex- 
tremity, to  give  it  sufficient  weight  to  stop  the  motion  of  th^ 
wheel ;  a  rope  fastened  to  the  end  of  this  lever,  and  conveyed 
over  two  pulleys,  terminates  in  a  handle  for  the  loop-hole  man, 
with  anr  iron  ring  at  the  lower  part  thereof  to  receive  a  pig, 
fixed  at  the  side  of  the  loop-hole  for  the  purpose  of  keeping  it 
down,  that  the  lever  might  disengage  the  brake  from  the  brake- 
wheel  during  the  operation  of  raising  the  goods,  o,  g,  g,  g,  g, 
are  vertical  handles,  and  h,  h,  h,  h,  h,  horizontal  handles  for 
the  men  to  take  hold  of  with  both  hands,  when  treading  on  the 
jsteps:  sometimes  both  hands  are  applied  to  the  vertical  handles; 
at  others,  one  hand  to  a  vertical,  and  the  other  to  a  horizontal 
handle ;  and  at  others,  both  hands  to  the  horizontal  handles ; 
thus  producing  a  variety  in  the  action,  and,  when  necessary,  a 
considerable  augmentation  to  the  force,  i  (fig.  1 .  and  3.)  is  a 
pawl  which  drops  in  at  every  step,  to  prevent  the  wheel  and  its 
mcumbent  weight  from  overpowering  the  men  at  any  time :  it 
has  at  its  lower  part  a  cord  with  a  loop  to  pass  over  one  of  the 
horizontal  handles,  near  the  extremity  of  which  there  is  a  notch 
sufficiently  deep  to  retain  the  loop  when  drawn  into  it,  for  the 
purpose  of  raising  the  pawl,  to  disengage  it  from  the  wheel 
preparatory  to  the  operation  of  lowering  the  goods  or  crane- 
rope. 

Now  it  is  obvious,  that  by  treading  on  the  steps  as  thev  arrive 
at  the  position  t,t  (figs.  1.  3.),  just  above  the  horizontal  pUme, 
passing  through  the  axis,  the  men  both  ascend  and  descend  uearljr 
m  the  vertical  direction :  of  consequence,  the  greatest  possible 
_.i    '^   i^  piodiiixd  vitbont  uoy  unproductive  labour ;  aqd  the 
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men  are  eniiUed  to  maintain  the  action  by  means  of  a  hold  of 
an  upright  handle  on  each  hand ;  or  occasionally  to  augment  the 
action,  by  pushing  at  these  handles.  Further,  by  taking  hold  of 
the  horizontal  handles,  each  man  can,  by  an  act  similar  to  that 
of  lifting,  augment  the  force  arising  from  his  weight  through 
all  die  degrees,  Arom  about  1^0  to  SOOlbs.  So  that  the  same 
number  of  men  can  perform  many  operations  of  raising  greater 
drafts  than  usual ;  such  as  with  the  common  walking- wheel  or 
most  other  cranes  could  not  be  accomplished  widiout  additional 
'  men :  and  the  pawl  which  drops  in  each  stop  provides  in  the 
most  effectual  manner  for  the  safety  of  the  men,  even  if  the 
inane  had  not  been  so  constructed  that  their  feet  need  never  be 
more  than  12  inches  distant  from  the  stage  sf,  and  the  distance 
Jk  far  too  small  to  admit  of  falling  through.  Thus  the  very 
Judiciously  chosen  dimension  of  a  6-feet  diameter  unites  the  ad- 
vantages of  a  weight  actiu^  on  a  horizontal  instead  of  inclined 
lever  with  those  'accruing  from  the  vertical  and  horizontal 
handles ;  while  it  completely  precludes  the  danger  which  at- 
tends the  common  walking-wheel,  and  has  by  no  means  so 
much  friction  as  necessarily  attends  Mr.  Whyte's  crane. 

Mr.  Hardie  has  likewise  contrived  a  truly  advantageous  mode 
of  operating  without  a  gibbet,  which  he  has  carried  into  effect 
with  four  of  his  cranes.  He  has  placed  the  crane  at  the  top  of 
the  warehouse,  so  as  to  allow  the  crane-rope  to  drop  directly 
down  from. the  barrel  of  the  crane  in  front  of  the  loop-holes; 
and  at  the  upper  floors,  where  the  shortness  of  the  rope  dimi- 
nishes the  swing  of  the  goods  in  or  out  of  the  loop-holes,  he  has 
provided  a  sliding  floor  immediately  under  the  floor  of  the  ware- 
house, which  one  man  draws  out  or  in,  by  pulling  a  cord,  with 
the  greatest  ease,  to  receive  or  deliver  the  goocb  by  a  truck  at 
the  loop-hole.  The  part  of  the  warehouse  floor  which  is  im- 
mediately above  the  sliding  floor  consists  of  a  thin  plate  of  cast 
iron,  which  allows  the  truck  to  run  off  the  one  on  the  other 
without  any  obstruction.  Thus  more  than  one  man's  labour  in 
live  or  six- is  saved,  by  getting  rid  of  the  friction  of  the  pulley 
of  a  gibbet ;  and  a  still  greater  saving  of  labour  is  effected  by 
accelerating  all  the  movements  at  the  loop-holes. 

9.  The  common  method  of  lowering  goods  by  the  brake  and 
brake-wheel,  even  with  the  assistance  of  a  counter-weight,  is 
liable  to  injurious  accidents  to  the  men,  as  well  as  to  the  goods, 
when  they  consist  of  perishable  articles,  such  as  \uue,  spirits, 
glass^  See.  Sometimes,  from  the  rapid  motion  of  the  crane, 
parts  of  it  fly  off  with  violence,  and  kill  or  wound  the  persons 
near  it :  at  other  times  the  brake-rope  becomes  entangled  by 
turning  off  the  pulleys  or  otherwise,  or  the  rope  slips  out  of  the 
hand  of  the  man  who  conducts  it :  in  either  of  which  casea  the 
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goods  might  descend  with  dll  the  accelerated  velocity  bf  a  faO- 
ing  body,  receiving  damage,  and  killing  or  maimitig  the  men, 
horses,  &c,  which  happen  to  be  under  them,  fiut  these  evils 
are  completely  remedied  by  a  lowering  rdguhtor  of  the  follow- 
ing description,  invented  by  Mr.  Hardie. 

PI.  XI.  fig.  5.  A  section  of  the  regulator. 

Fig.  6.  An  elevation  of  one  end  of  the  regulator.  The  same 
letters  of  reference  being  put  to  the  corresponding  parts  in  these 
figures. 

A  A,  a  cast-iron  box  fixed  to  the  floor  b,  divided  into  two 
compartments,  each  10  inches  long,  one  of  4  inches  diameter, 
and  the  other  of  2  inches  diameter :  these  are  both  filled  with 
oil,  a  liquid  not  subject  to  any  material  change  by  frost ;  or 
they  may  be  filled  with  water  in  summer  and  mild  weather,  and 
some  spirituous  liquor  Tgin,  for  instance)  in  frosty  weather.  The 
two  cylinders  communicate  with  each  other  by  c,  an  aperture 
at  their  top,  and  b,  an  aperture  at  their  bottom;  the  smaller 
compartment  having  a  cock  e,  with  its  axle  passing  through  the 
side  of  the  iron  box,  guarded  by  a  stuffing-box,  and  G  a  qua^^ 
drant  with  notches  fixed  at  its  end,  to  receive  H  the  iron  claw, 
fwhich  keeps  the  cock  in  its  proper  situation,  and  shews  the  ex- 
tent of  its  apertures  when  opened.  The  larger  compartment 
has  a  piston  f,  with  its  rod  passing  through' i,  the  top  of  the  iroa 
box  (guarded  here  also  by  a  stuffing-box) ,  and  passing  through 
a  guide :  this  rod  is  connected  with  a  joint  moved  by  a  cranlc, 
which  is  turned  by  a  pinion  p  of  about  six  teeth ;  and  Ais  pinion 
is  moved  by  a  wheel,  of  a  size  suited  to  the  diameter  of  the  bar- 
rel of  the  crane  and  the  weight  of  the  goods  commonly  lowered : 
this  latter  wheel  is  fixed  to  the  axle  of  the  crane  by  a  simple 
mode  of  connection,  which  admits  of  its  being  disengaged 
during  the  operation  of  rising;  it  is  also  provided  with  the 
barrel  rope  and  counter-weight,  which  are  commonly  used  for 
the  purpose  of  winding  up  the  slack  crane  rope  on  the  barrel 
of  the  crane,  to  be  ready  to  repeat  the  operation  of  lowering. 

If  the  cock  E  were  quite  shut,  the  oil  or  other  liquid  confined 
between  it  and  the  piston  would  prevent  the  piston  from  mov- 
ing, and  of  course  hinder  the  goodis  hanging  from  the  wheel,  &c. 
connected  with  p  from  descending :  but  if  me  cock  were  opened 
a  very  little  the  oil  would  pass  slowly  through  it,  and  would 
therefore  allow  the  piston  w  to  move  up  and  down  slowly,  and 
the  goods  to  descend  slowly  also :  and,  m  like  manner,  a  fur^er 
opening  of  the  cock  will  permit  the  load  to  descend  whh  a 
greater  velocity  :  thus  the  cock,  by  being  more  or  less  opened, 
gives  the  precise  velocity  desired  to  the  descent  of  iht  g<k>d8, 
whatever  their  weight  may  be. 

When  a  small  pimon  turned  by  a  winch  is  applied  to  the 
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foodi-wheely  occasionally  employed  to  tiirn  the  pimon  of  the 
cranky  one  man  with  ease  raises  the  goods  an  inch  or  two,  in 
order  to  be  swung  from  the  floor  preparatory  to  lowering ;  the 
natural  defect  of  the  M'inch  as  a  raising  instrument  ber.ig  of  no 
consideration  in  such  case,  where  the  goods  are  raised  merely  to 
clear  the  floor:  so  that  this  crane  and  lowering  apparatus 
poasesses  a  much  higher  degree  of  perfection  in  lowenng  than 
any  of  the  other  cranes.  The  means  afforded  of  regulating  it 
to  lower  either  small  or  great  weights  with  facility,  expedition, 
and  safety,  and  without  depending,  during  the  operation,  on  the 
precarious  attention  and  management  of  a  man,  reuder  it,  in 
our  opinion,  far  preferable  to  £e  hazardous  and  limited  mode 
(tf  lowering  goods  by  the  brake :  while,  with  respect  both  to 
safety  and  great  saving  of  labour,  it  obviously  surpasses  the 
modes  of  lowering  by  the  capstan  and  the  walking  wheel,  which 
require  nearly  the  same  number  of  men  to  lower  that  they  take 
to  raise  any  weight. 

We  have  dwelt  the  longer  upon  the  subject  of  cranes,  because 
it  is  manifestly  of  the  first  importance  in  a  commercial  nation : 
something  further,  of  too  much  utility  to  be  entirely  omitted, 
may  perhaps  be  found  under  the  articles  engine  /o  /e^  down 
weisMSf  GIBBET,  and  loading  and  unloadinu;  of  goods. 

Cban£  is  also  a  popular  name  for  a  syphon  employed  in 
drawing  off  liquors. 

This  crane  or  syphon  is  nothing  else  than  a  bent  tube,  as 
ABO  (fig.  ^.  pi.  X.)  If  the  shorter  end  ab  be  immersed  in  a 
vessel  of  water  or  other  fluid  c,  then  by  applying  the  mouth  to 
the  end  C,  and  sucking  till  the  liquor  arrives  there,  it  will  con- 
fioue  to  flow  out  at  the  end  6,  as  long  as  that  end  is  lower  than 
the  surface  of  the  fluid  in  thq  vessel  c.  If  there  be  a  moutji- 
piece  at  s,  then  sucking  at  that  mouth-piece  (while  the  end  G 
is  stopt^  with  a  finger  or  otherwise)  will  make  the  fluid  flow 
nrhen  the  obstruction  is  taken  away  from  g.  When  the  fluid 
has  begun  to  flow,  the  hole  at  e  must  be  stopped  up,  or  the  fluid 
will  flow  no  longer  than  till  the  surface  in  the  vessel  be  as  low 
asB. 

Tbe  reason  of  the  motion  of  the  liquor  in  the  syphon  is  this : 
die  perpendicular  height  of  the  column  bo  being  greater  than 
that  of  BA,  the  pressure  at  g  is  greater  than  at  a.;  and  the 
]pres8ure  of  the  atmospjhere  being  the  same  at  both  orifices  (sup- 
po^g  them  of  equal  area),  therefore  the  weight  at  o  will 
cause  the  fluid  to  flow  out  there,  while  the  pressure  of  the  at- 
moApfaere  will  force  more  liquor  up  the  end  a  ;  and  thus  the 
motion  will  continue  so  long  as  there  is  any  fluid  in  the^ssel, 
{Urovided  the  end  g  is  lower  than  the  end  a  of  the  ayphon. 
Htode  it  is  mwiifest  that  fliie  he^t  frdtii  tbt  anrface  of  the 
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fluid  in  the  vessel  to  the  top  b  of  the  syphon  must  'not  exceed 
the  altitude  of  a  column  of  the  fluid  whose  weight  is  equal  to 
the  pressure  of  the  atmosphere  on  the  same  base. 
.  The  operation  of  sucking  out  the  liquor  at  G,  which  is  often 
both  disagreeable  and  troublesome,  maybe  prevented  by  having 
an  aperture  at  the  top  b,  through  which  the  syphon  may  be 
completely  filled^  ana  then  tliat  aperture  closed  again.  Or  a 
JHnall  syphon  may  be  inverted,  and  filled  with  the  fluid,  which 
may  be  kept  in  by  a  finger  applied  at  each  end  until  it  is  placed 
in  the  proper  position  for  work,  when  the  fingers  may  be  re- 
moved. 

The  syphon  will  raise  a  stream  of  water  through  an  exten*- 
sive  space  in  every  situation  where  a  little  descent  can  be  pro- 
cured ;  but  while  the  operation  continues,  no  water  can  be  take«i 
directly  out  of  the  stream  above  the  lowest  part  of  the  tube* 
When,  however,  the  two  open  ends  of  a  syphon  are  closed,  a 
quantity  of  water  may  be  let  out  of  the  highest  part,  and  its 
place  supplied  by  introducing  a  like  quantity  which  is  of  no 
other  use :  all  the  avenues  for  the  purpose  being  then  clofte4, 
and  the  stream  sufiered  to  flow  through  the  tube,  the  uselea9 
water  will  be  displaced,  and  a  fresh  quantity  may  be  soon  after 
drawn  ofi^.  This  mode  of  exchange  may  be  useful  in  furnishing 
a  supply  for  washing,  and  some  other  purposes;  but  there  are 
several  domestic  uses  for  which  the  water  drawn  off  will  not  be 
thought  suflSciently  piu'e.  A  method  of  taking  water  out  of 
the  syphon  at  any  height  within  the  limits  of  the  elevation,  with- 
put  retarding  the  stream  or  introducing  another  quantity,  has 
long  been  thought  very  desirable.  Mr.  William  Clote^  of 
Dalton,  made  a  number  of  experiments  and  observations  to 
determine  the  practicability  of  the  project;  from  which  he  at 
length  deduced  the  following  arrangement  for  extracting  a 
quantity  of  water  out  of  a  syphon  at  any  elevation  (within  ita 
limits),  and  supplying  its  place  with  air. 

Into  any  part  except  die  top  side  of  a  vertical  syphon  sy 
{fig.  5.  pi.  X.)  insert  two  small  pipes,  and  let  their  aperturea  in 
the  inside  of  the  tube  be  divided  by  a  projecting  piece  about  a 
quarter  of  an  inch  thick ;  wherever  the  pipes  are  inserted,  the 
piece  must  be  placed  in  such  a  position  that  the  current  will 
strike  agaij;)st  one  of  its  flat  sides.  The  pipe  which  op^s  on 
that  side  of  the  obstacle  or  dam  struck  by  the  stream  nuy  be 
called  the  water-pipe,  and  that  on  the  other  side  the  air^pi^. 
Insert  their  other  ends  into  a  vessel  aw.  The  air-pipe  opposite 
to  a  must  rise  to  near  the  top  of  this  vessel,  but  the  water-pme 
w  need  not  arise  above  the  place  of  its  insertion.  A  cock^  per* 
fectly  air-tight,  must  be  fixed  in  each  pipe  between  the  yeaael 
and  syphon ;  the  vessel  aw  must  have  a  tube  j^  m  its  lower  p^tK, 
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for-lettine  out  water;  and  this  tube  must  have  a  cock  fixed  in 
ity  or  a  VMve  covered  with  leather  to  close  its  lower  end.  To 
hasten  the  delivery  of  the  water  in  this  vessel,  the  external  air 
may  be  admitted,  in  such  manner  as  is  most  convenieut. 

The  communication  between  the  vessel  and  syphon  being  in- 
tercepted by  turning  the  cocks  in  the  pipes  aw,  and  the  branches 
of  the  syphon  closed  at  their  lower  ends,  the  tube  may  be  filled 
with  water  through  an  aperture  in  the  top.  After  this  aperture 
is  closed,  and  a  stream  of  water  let  into  the  cistern  c  for  sup- 
plying the  syphon,  the  ends  of  the  branches  may  be  opened,  and 
a  continued  stream  will  flow  through  the  tube. 

When  it  is  required  to  fill  the  vessel  aw  with  water,  exclude 
die  external  air,  and  open  the  pipes  between  it  and  the  syphon* 
The  vessel  will  soon  be  filled,  and  the  water  may  be  let  out  by 
opening  the  tube  t,  after  the  small  pipes  aw  are  again  closed  by 
turning  their  cocks. 

The  water  may  be  let  out  of  the  vessel  without  attendance, 
by  a  quantity  of  water  passing  through  four  vessels  placed  in 
the  following  order  one  below  another,  and  each  provided  with 
a  syphon. 

1.  The  highest,  an  immoveable  vessel  filled  in  a  given  time. 
2.  A  descending  vessel,  suspended  from  a  lever  or  a  wheel, 
niuch  turns  die  cocks  in  the  tubes  opposite  aw  in  its  axis.  This 
vessel  must  have  a  tube  open  at  boUi  ends,  fixed  in  the  middle 
of  its  bottom.  3.  A  descending  vessel,  to  open  the  valve  for 
letting  water  out  of  the  vessel  aw.  It  must  be  suspended  upon 
the  valve  by  a  cord  or  wire  passing  through  the  tube,  in  the  mid- 
dle of  the  second  vessel.  4.  The  lowest,  a  vessel  of  the  same 
width  with  the  second.  The  brim  of  it  must  be  connected  to 
Ae.  outside  circumference  of  the  bottom  of  the  second,  by  wires 
orxhains. 

In  this  arrangement  the  first  vessel  will  empty  itself  into  &e 
second,  which  will  close  the  cocks  in  the  pipes  opposite  a  and 
V,  before  air  is  admitted  into  the  vessel  aw.  The  third  will  be 
filled  from  the  second,  and  the  water  in  the  vessel  aw  will  be 
let  out^  again ;  the  third  will  deliver  its  contents  into  the  fourth 
or  lowest,  which  will  keep  the  cocks  in  the  small  pipes  opposite 
a  and  w  close,  until  after  the  third  vessel  is  empty,  has  risen  up, 
and  the  external  air  can  no  longer  enter  the  vessel  aw*  The 
fourth  bemg  then  emptied  by  its  syphon,  the  pipes  between  the 
veaael  aw  and  syphon  sy  will  open. 

The  diameter  of  the  second  vessel  should  be  something  less 
Aan  either  that  above  or  below  it.  The  fourth  should  be  filled 
before  the  second  is  empty :  the  third  will  descend  last^and  rise 
first :  the  second  and. fburdi  will  rise  together^  immediately  after 
the  diird»    If  die  second  and  fourth  were,  to  nse  before  the  third 
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the  flyphoa  would  cfirectly  receive  a  quantity  of  external  air^  and 
its  operations  would  cease.  It  willy  tfaerefore,  require  much 
caution  to  manage  the  cocks  and  valves,  if  another  vessel  simi-' 
lar  to  at0  is  to  be  filled  while  this  last  is  emptied,  and  emptied 
while  it  is  filled. 

The  vessel  aw  should  not  be  large ;  and,  in  order  to  over-^ 
come  the  buoyance  of  the  extracted  air,  it  is  advisable  to  inake 
the  length  of  the  descending  branch  of  the  syphon  exceed  tbe 
length  of  the  ascending  one  as  much  as  circumstances  will  ad-« 
roit,  and  to  let  the  lowest  part  of  it  be  made  of  a  conical  diverg- 
ent foroi.  The  velocity  of  the  stream  will  be  thus  increasea ;. 
die  vessel  aw  will  be  sooner  filled  with  water ;  and  the  depres- 
sion of  the  two  columns  will  be  less  liable  to  happen  from  very 
slight  imperfections  of  workmanship.  -  (NichoUon^s  Journal, 
4to,  vol.  IV.  p.  550.) 

Mr.  Close  made  many  subsequent  trials,  to  bring  this  appa- 
ratus to  the  greatest  perfection  it  would  admit  of:  die  restut  of 
the  whole  may  be  seen  in  No.  45.  of  the  New  Series  of  Nichol- 
son's Journal,  where  Mr.  Close  has  given  the  description  and 
effects  of  an  apparatus  for  raising  water  by  means  of  air  cftth- 
dcnsed  in  its  descent  through  an  inverted  syphon. 

Nearly  analogous  to  this  contrivance  by  Mr.  Close,  is  the 
syphon  machine  of  Mr.  Detrouville,  described  by  M.  Haclnetle 
in  his  Trait6  E16mentaire  des  Machines, 

M.  Venturi,  fjso,  of  whom  mention  is  made  io  the  ist  voL 
of  this  work,  has  so  blended  his  discovery  of  the  lateHil  tiomi' 
munication  of  motion  in  fluids,  with  the  principle  of  the  sjrphoQ^ 
«8  to  raise  water  out  of  a  lower  reservoir,  and  pass  off  wi&  the 
water  spouting  from  a  higher  one.  Imagine  that  not  more  than 
SO  feet  below  the  horizontal  pipe,  whose  orifice  is  en  (fig,  6. 
pi.  XVII.  vol.  I.)  there  is  a  reservoir  from  which  we  wii^  ta 
raise  water  by  means  of  a  syphon*  Let  the  longer  branch  of 
that  syphon  rise  vertically  from  the  surface  of  the  water  below, 
till  it  is  a  few  inches  above  the  horizontal  pipe  pbd,  and 
then  turn  so  that  the  descending  branch  shall  just  enter  the  top 
of  diat  horizontal  pipe;  the  place  of  insertion  being  rendereil 
air-tight.  Then,  while  water  in  the  vessel  mkop  escapes 
through  the  horizontal  pipe,  it  will,  by  virtue  of  the  lateral 
communication  of  motion  in  fluids,  carry  on  with  it  a  portion 
of  air  from  the  syphoq.  Thus,  rarefying  the  air^  left  behind,  iXm 
water  in  the  lower  reservoir  will,  by  means  of  the  atmosphefic 
pressure,  be  thrust  up  the  rising  branch  of  the  syphon.  This 
operation  continuing,  in  a  very  short  time  the  air  will  all  be  ex- 
pelled from  the  syphon,  and  the  same  lateral  communicatioirdf 
motion  will  be  the  me^ps  of  drawing  water  from  the  lower-  ra-? 
aervoir  so  long  as  it  contmues  to  flow  firom  the  upper  me..  . 


Cylinders  for  Steam  Engines.  175 

Cylinders ^br  steam  engines,  boring  q/*,  is  an  ope- 
jration  usually  earned  on  at  the  foundery  where  they  are  cast. 
Though  the  moulder  pursues  the- most  correct  method  his  art  is 
capable  of,  yet  it  is  impossible  to  be  certain  that  when  the  mould 
has  received  the  metal  from  the  furnace  it  shall  come  out  quite 
straight ;  and  if  it  should  come  out  crooked  it  must  remain  so ; 
for  d^e  old  method  of  boring  will  never  make  it  otherwise  in 
that  respect.  It  is  not  like  boring  a  piece  of  metal  which  is 
quite  solid,  as  in  boring  guns,  &c.  All  the  old  boring  can  do 
to  a  cylinder  is  to  make  it  round  and  smooth,  for  there  is  no* 
thing  to  conduct  the  boring  bit  in  its  progress  through  the  piece 
but  the  form  given  it  by  the  moulder ;  and  a  piece  bored  after 
this  manner  may  look  very  well,  yet  if  it  is  not  straight  it  is  not 
a  cylinder :  and  an  engine  executed  with  such  a  vessel  as  that 
will  be  good  or  ill  in  that  respect,  as  it  approaches  to  or  is  fur- 
ther off  the  degree  of  exactness  constituting  it  a  cylinder. 

The  new  method  of  boring  (which,  as  is  observed,  article 
STEAM  ENGINE,  was  first  practised  at  Burham,  a  foundery 
belonging  to  Mr.  Wilkinson,  iron-master)  insures  all  the  per- 
fection the  subject  is  capable  of;  and  when  the  proceiss  is  con- 
ducted by  an  intelligent  workman,  if  the  cylinder  should  be  cast 
ever  so  crooked;  or  ever  so  thick  on  one  side  more  than  another, 
he  can  take  out  the  redundancy  on  that  side,  and  but  scarcely 
touch  the  other.  This  will  be  easily  admitted  when  it  is  under- 
stood that,  whereas  in  the  old  method  of  boring  the  instrument 
which  performs  the  part  of  cutting  the  metal  is  guided  in  its 
progress  by  the  already  incorrect  form  of  the  piece  itself;  but 
in  the  new  method  the  cutting  apparatus  is  conducted  along  a 
fhii^  which  in  itself  is  a  master-piece  o£  workmanship,  a  pei^ 
fect  cylinder,  and  is  what  the  workmen  call  the  boring  bar,  and 
1ft  ^ftt  of  the  best  pigs  that  can  be  procured,  and  turned  with 
the  utmost  care  and  precision :  consequently,  whatever  is  conr 
ducted  along  this  bar  will  proceed  in  a  right  line ;  and  as  it  is  in- 
tended that  this  shall  be  the  conductor  of  the  cutter-block,  being 
Aimished  with  proper  cutters,  it  must  cut  the  interior  surface  of 
the  piece  quite  straight,  though  it  may  have  been  ever  so  crooked 
before. 

Then  this  bar  being  turned  very  true,  it  is  to  have  a  groove  or 
two  cut  opposite  to  each  other,  in  a  line  parallel  to  its  axis ; 
then  there  is  a  socket  of  cast  iron  of  such  dimensions  as  to  suit 
for  cylinders  of  various  diameters,  and  this  socket  is  to  be  nicely 
b^^  and  ground  on  the  bar;  and  then  it  must  have  a  fillet  or 
two  (according  to  the  groove  or  grooves  in  the  bar)  let  in  on  the 
inside^  so  as  to  slide  sdong  the  bar,  but  not  to  turn  round  upon 
it}  die  external  part  must  be  made  conical,  with  four  or  six  studs 
upon  die  hue  of  it  to  rieceive  the  cutter-block.    The  next  thing 
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is  to  give  a  progressive  motion  to  this  socket  and  cutter-btocl:^ 
while  the  bar  is  turning  on  its  own  axis;  and  that  is  done  by 
some  with  a  collar  of  metal  fitted  on  the  socket,  and  to  diM 
collar  are  connected  two  racks,  long  enough  to  reach  throiq^ 
the  cylinder  and  communicate  with  a  pair  of  pinions,  by  which 
the  socket  is  drawn  or  pushed  along  the  boring  bar  by  the  meant 
of  two  levers,  carrying  a  weight  at  each  suflSciently  heavy  to 
overcome  all  resistance  in  the  operation. 

Another  method  of  giving  a  progressive  motion  to  the  block 
is  to  drill  a  hole  through  the  whole  length  of  the  bar,  to  admh 
a  single  rod,  to  be  communicated  to  the  socket  by  sinking  t/H! 
groove  (for  in  this  case  there  can  be  but  one)  entirely  through 
one  side  of  the  bar,  so  as  to  come  into  the  hole  that  has  jnit 
been  drilled  through  the  bar.  Then  a  branch  from  the  intertud 
part  of  the  socket  must  be  fitted  into  the  groove  with  an  eye  to 
receive  the  end  of  the  rod,  which  is  then  to  be  furnished  with 
a  key,  or  a  nut  and  washer,  to  keep  it  in  its  place  while  the  bar 
and  socket  is  tumiiig  round,  and  a  weight  with  a  rope  over  a 
pulley  is  applied  to  give  motion  to  the  socket,  along  the  hmt. 
This  is  the  best  way  of  applying  this  method  to  boring  of  snidB 
cylinders,  because  there  is  no  incumbrance  upon  the  socket;  and 
if  the  bar  is  sufiiciently  strong  it  will  move  with  great  steadi- 
ness. 

ELLIPSOGRAPH  is  the  name  given  by  the  anon]rmou» 
author  of  a  German  publication,  entitled  '*  Beschreibung  eines 
Ellipsograph,  womit  man  wahre  Ellipsen  ohne  Berecknung 
der  Brennpunkte  sehr  leicht  beschreiben  kann,  Sec.  published  at 
Gotha  in  1794,  to  a  simple  and  universal  instrument  for  drawing 
ellipses.  The  instrument  has  been  long  known  to  our  mathe- 
maticians, and  has  been  described,  though  not  in  such  general 
terms  as  it  admits  of,  in  Elmerson's  Conies,  Hutton^s  Madiema- 
tical  Dictionary,  and  other  works ;  but  as  it  has  not  yet  been 
adopted  for  practical  purposes,  though  it  is  far  preferable, 
in  our  opinion,  to  any  instrument  for  drawing  ellipses  now  in 
use,  we  take  this  opportunity  of  recommending  it  to  general 
notice. 

The  ellipsograph  consists  of  three  flat  and  moderately  thin 
rulers  of  wood  or  brass,  two  of  which  must  be  of  equal  lengths  ; 
aud  it  may  be  as  well  if  the  length  of  these  tv\o  together  be 
equal  to  that  of  the  third  ruler.  Let  the  two  shorter  of  iSieae 
rulers  be  pierced  with  a  number  of  holes  at  equal  distance9^ 
the  holes  being  capable  of  receivii^  either  a  pin  on  which  die 
rulers  may  turn  as  upon  a  joint,  or  a  pencil  by  which  the  corye 
may  be  described:  then  by  connecting  th«se  rulers  either  as  m 
fig.  5.  or  fig.  6.  pi.  XIV.  an  ellipse  may  be  readily  described. 
Inusy  in  fig.  5.  hang  ooe  end  of  the  ruler-AB  upon  a  pin  in  the 
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^  AB-f-BD^r  semiconjugate  +  semitransverse  of  the  ellipse, 
the  ruler  bd  turning  upon  a  pin  in  b  as  a  joint:  take  the  point  B 
•0  that  DE=:  semiconjugate,  and  put  a  pencil  into  the  hole  of 
tbat  point :  then,  if  the  end  d  of  the  ruler  bd  be  slidden  along 
the  edge  kl  of  the  ruler  which  passes  through  the  centre  A,  the 
pencil  at  £  will  describe  a  true  ellipse  having  the  proposed 
<(iameters.     Again,  taking  the  method  represented  in  fig.  6« 
apon  the  ruler  AC,  bang  the  ruler  bg  at  b,  so  that  ab-|-B£s 
semitransverse,  while  ab=  bd=  half  the  difference  of  the  semi- 
transverse  and  semiconjugate  axes :  then,  while  a  pin  at  D  slides 
along  the  edge  of  the  ruler  kl  the  pencil  at  b  will  describe 
the  ellipse  required.     The  truth  of  this  method  of  construction 
la  demonstrated  in  Emerson's  Conies,  prop.  75.  ellipse. 

This  instrument  may,  it  is  obvious,  be  easily  made  either  so 
at  to  construct  small  ellipses,  now  commonly  described  bj 
means  of  the  elliptical  compasses;  or  upon  a  larger  scale,  for 
the  purpose  of  describing  elliptical  centring  for  arches  of  bridgeff^ 
&€•  In  the  latter  case  the  ellipsograph  maybe  made  sufficiently 
strong  Mrithout  being  any  way  cumbersome  in  practice.  In  the 
actual  construction  of  the  instrument  the  mier  kl  should  be  thiS 
thickest,  and  the  other  two  legs  made  to  run  upon  friction  rollers, 
as  in  the  construction  of  the  pentagraph. 

It  may  not  be  altogether  useless  just  to  remark,  that  in  both 
methods  of  using  the  instrument  the  point  b  will  describe  a 
circular  arc;  and  if  the  ruler  db  had  a  part  above  b,  equal  to 
3>b,  the  upper  extremity  of  that  part  would,  during  the  motion 
of  the  point  D  along  kl,  describe  a  right  line.  This  follows 
evidently  from  what  was  shewn  in  art.  8.  of  the  introductory 
part  of  this  volume. 

ENGINE  to  let  down  heavy  weights.  The  simple  method 
uve  are  now  about  to  describe  was  invented  by  father  Ressiuy  in 
1714.  Suppose  it  were  required  to  lower  large  stones  from  the 
top  of  a  wall  which  is  intended  to  be  taken  down:  erect  a  frame^ 
or  set  up  a  gin  close  by  the  side  of  the  wall,  and  let  the  pulley 
p  (fig.  4.  pL  IV.)  be  firmly  attached  to  this  frame.  Over  this 
pulley  must  pass  a  cord,  one  end  of  which  c  has  a  hook  to  which 
the  stone,  &c.  can  readily  be  fastened;  the  other  end  d  carries  a 
vessel,  which  may  be  filled  with  water  from  the  reservoir  m,  ou 
the  glound  at  the  bottom  of  the  wall.  Then,  while  one  man  is 
fijung  the  stone  to  the  hook  at  the  top  of  the  wall,  let  another 
put  water  into  the  vessel  d  at  the  bottom  till  it  nearly  equals  the 
weight  of  the  stone :  aftier  which,  leaving  both  to  the  free 
operation  of  gravity,  or  checking  the  motion  a  little  if  necessary| 
Ifae  stone  will  gradually  descend  to  the  ground,  while  the  vessel 
.p  will  be  carrmi  up  to  a  funnel  a,  into  which  the  water  may  be 
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poured,  and  thence  conveyed  by  a  woodeti  or  ai  leaAeir  pipe  to- 
the  reservoir  m.  Then  the  vessel  i>  may  be  suffered  to  descend^ 
and' the  hook  c  will  be  raised  to  be  fixed  to  another  stone:  and 
thus  the  operation  may  be  repeated  as  often  as  is  necessary. 

The  same  method  may  likewise  be  adopted  in  lowering  sacks^ 
from  a  high  granary,  or  packages  from  an  upper  warehouse* 
The  velocity  of  the  descending  weight  may  be  so  regulated  as  to 
have  any  proportion  to  that  which  gravity  imparts  to  bodies 
falling  freely :  thus,  if  w  denote  the  weight  to  be  lowered,  v  that 

of  the  vessel  of  water,  we  shall  hai^e ,  for  the  fraction 

expressing  the  ratio  of  the  velocity  to  that  freely  imparted  bj 
gravity  when  denoted  by  unity.  Thus,  if  v=:lw,  the  weight 
jvill  fall  through  f  of  1 6  ,3^,  or  about  54  feet  in  the  first  second  i 
iif  v=:j.w,  the  vireight  will  fall  through  t  of  l6r7,  or  about  Sf 
ifeet  in  the  first  second :  the  friction  of  die  pulley  bemg  in  both 
iustances  disregarded. 

'  'EPROW^TTE, powder-prover,  is  an  instrument  contrivecl 
for  the  purpose  of  comparing  the  strength  of  different  kinds  of 
gunpowder.  One  of  the  best  for  the  proof  of  powder  ia 
mrtilJery,  is  that  contrived  by  Dr.  Hutton.  It  consists  of  a 
small  brass  gun^  about  2|  feet  long,  suspended  by  a  metallic 
^tem  or  rod,  turning  by  an  axis  on  a  firm  and  strong  frame,. 

Sy  means  of  which  the  piece  oscillates  in  a  circular  arch.  A 
ttle  below  the  axis,  the  stem  divides  into  two  branches,  reaching 
own  to  the  gun,  to  which  the  lower  ends  of  the  branches  are 
fixed,  the  one  near  the  muzzle,  the  other  near  the  breech  of  the 
piece.  The  upper  end  of  the  stem  is  firmly  attached  to  the 
axis,  which  turns  very  freely  by  its  extremities  in  the  sockets  of 
the  supporting  frame;  by  which  means  the  gun  and  stem  vibrate* 
together  in  a  vertical  plane,  with  a  very  small  degree  of  friction. 
The  piece  is  charged  with  a  small  quantity  of  powder  (usuallj 
about  two  ounces)  without  any  ball,  and  then  fired;  by  the  force 
of  the  explosion,  the  piece  is  made  to  recoil  or  vibrate,  describing 
9n  arch  or  angle,  which  M^ill  be  greater  or  less,  according  to  the 
quantity  or  strength  of  the  powder. 

To  measure  the  quantity  of  recoil,  and  consequently  die 
strength  of  the  powder,  a  circular  brazen  or  silvered  arch  of 
a  Cionvenient  extent,  and  of  a  radius  equal  to  its  distance  below 
the  axis,  is  fixed  against  the  descending  two  branches  of  die 
stem,  and  graduated  into  divisions,  according  to  the  purpose 
re^bed  to  be  answered  by  the  machine:  viz.  I.  Into  equal 
parts,  or  degrees,  for  the  purpose  of  determining  the  angle 
actually  described  in  the  vibration.  2.  Into  unequal  parts^ 
according  to  the  chords,  being  in  fact  100  times  the  double 
iines  of  Uie  half  angles^  and  running  up  to  100,  as  equivalent  to 
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90  degrees ;  these  serve  to  compare  the  velocities  given  by  the 
powder.  3.  Into  unequal  parts  according  to  the  versed  smes ; 
they  are^  in  truth,  100  times  the  versed  sines  of  our  common 
fabtes,  I4ili  corresponding  with  90  degrees ;  these  serve  to 
compare  tfae  forces. 

The  divisions  in  these  scales  are  pointed  out  by  an  index 
which  is  carried  on  the  arch  during  the  oscillation,  and  then^ 
stopping  there,  shews  the  actual  extent  of  the  vibration.  Two 
,  ounces  of  powder  give,  on  an  average,  as  I  have  found  by  several 
trials,  about  36  on  the  chords  or  about  21^  on  the  arch.  For 
i  more  minute  description  with  diagrams,  see  Hutton's  Tracts^ 
vol;  iii.  p.  153.  ' 

'  The  late  Mr.  Ramsden  constructed  an  eprouvette,  which 
differs  from  the  preceding  simply  by  the  gun's  recoiling  in  a 
direction  parallel  to  itself  instead  of  its  vibrating  as  a  pendulum. 
hk  otder  to  this,  the  gun  is  suspended  upon  two  hanging  frames* 
one  at  each  end,  like  ladders.  They  are  equal  in  length,  and 
serve  like  the  joints  of  a  parallel  ruler,  to  make  the  gun  rise  and 
fiiU,  during  its  recoil  and  return,  so  as  always  to  retain  a 
direction  parallel  to  itself;  that  is,  the  horizontal  direction 
The  degrees  are  measured  upon  a  fixed  arch,  by  means  of  a 
moveable  index,  ne-^^rly  as  in  Dr.  Hutton's  eprouvette. 

Fof"  other  eprouvettes  by  Regnier,  &c.  the  reader  may  con- 
6ult  the  article  Powder  Proverb  in  the  Pantologia.  Those 
of  jyAntoni  ma^  be  seen  in  Capt.  Thomson's  Translation  of 
his  Gminery. 

FILESi  machines  for  cutting  of  There  have  been  various 
contrivances  for  this  purpose;  but  one  of  the  best  we  are 
acquainted  with  is  described  in  the  Transactions  of  the  Ame- 
ridiH  Philosophical  Society,  and  is  as  follows:  aaaa  fig.  6. 
pi.  X.  is  a  bench  made  of  well-seasoned  oak,  the  face  of  which 
ft  planed  very  smooth.  BBBSB'the  feet  of  the  bench,  which 
diould  be  substantial,  cccc  the  carriage  on  which  the  files 
are  Ifud,  which  moves  along  the  face  of  the  bench  aaaa 
pE^uraHd  to  its  sides,  and  carries  the  files  gradually  under  the 
edge  of  die  cutter  or  chisel  hh,  while  the  teeth  are  cut:  thii 
carriage  is  made  to  move  by  a  contrivance  somewhat  similar  to 
that  vifaich  carries  the  log  against  \he  saw  of  a  saw-mill,  as  will 
be'  more  particularly  described,  ddo  are  three  iron,  rods^ 
inserted  into  the  ends  of  the  carriage  cccc,  and  passing  through 
holes  in  the  studs  eeb,  which  are  screwed  firmly  against  tibe 
ebd^  of  the  bench  aaaa,  for  directing  the  course  of  the  carriage 
CGCC,  parallel  to  the  sides  of  the  said  bench,  ff  two  upright 
piUlars,  mortised  firmly  into  the  bench  aaaa  nearly  equidistant 
fi^om  each  end  of  it,  near  the  edge,  and  directly  opposite  to  each 
other.    G  die  lever  or  arm  which  carries  the  cutter  hh  (fixed  by 
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the  screw  f),  aud  works  on  the  centres  of  two  screws  KK>  whicb 
are  fixed  into  the  two  pillars  ff  in  a  direction  right  across  the 
bench  a  AAA.  By  tightening  or  loosening  these  screws  the 
arm  which  carries  the  chisel  may  be  made  to  work  more  or 
less  steadily,  l  is  the  regulating  screw,  by  means  of  which 
the  files  may  be  made  coarser  or  finer ;  this  screw  works  in  a 
9tud  M  which  is  screwed  firmly  upon  the  top  of  the  stud  f  :  the 
lower  end  of  the  screw  l  bears  against  the  upper  part  of  the 
aim  G,  and  limits  the  height  to  which  it  can  rise,  n  is  a  steel 
spring,  one  end  of  which  is  screwed  to  the  other  pillar  f,  and 
the  other  end  presses  against  the  pillar  o,  which  is  fixed  upon 
the  arm  g;  by  its  pressure  it  forces  the  said  arm  upwards, 
until  it  meets  with  the  regulating  screw  l.  p  is  an  arm  with  a 
fclaw  at  one  end  marked  6,  the  other  end  is  fixed  by  a  jpint 
into  the  end  of  the  stud  or  pillar  o;  and,  by  the  motion  of  the 
arm  G,  is  made  to  move  the  ratch« wheel  g.  This  ratcb-wheel 
ia  fixed  upon  an  axis,  which  carries  a  small  trundle-head  or 
pinion  r,  on  the  opposite  end;  this  takes  into  a  piece  ss, 
which  is  indented  with  teeth,  and  screwed,  firmly  against  one 
side  of  the  carriage  ccGc:  by  means  of  this  piece  motion  is 
communicated  to  the  carriage,  t  is  a  clamp  for  fastening  ope 
end  of  the  file  zz  in  the  place .  or  bed  on  which  it  is  to  be  cut. 
▼  is  another  clamp  or  dog,  at  the  opposite  end^  which  works 
by  a  joint  w,  firmly  fixed  into  the  carriage  cccc.  y  is  a  bridge, 
likewise  screwed  into  the  carriage,  through  which  the  screw  x 
passes,  and  presses  with  its  lower  end  against  the  upper  side  of 
the  clamp  V;  under  which  clamp  the  other  end  of  the  file  zz 
is  placed,  and  held  firmly  in  its  situation  while  it  is  cutting,  by 
the  pressure  of  the  said  clamp  y.  7777  is  a  bed  of  lead,  which 
is  let  into  a  cavity  formed  in  the  body  of  the  carriage,  some- 
thing broader  and  longer  than  the  largest  fixed  files ;  the  upper 
&ce  of  this  bed  of  lead  is  formed  variously,  so  as  to  fit  the 
difierent  kind  of  files  wliich  may  be  required.  At  the  figures  2% 
are  two  catches  which  take  into  the  teeth  of  the  ratch-wheel  Q, 
to  prevent  a  recoil  of  its  motion.  3S  is  a  bridge  to  si;ppprt 
one  end  4  of  the  axis  of  the  ratch-wheel  Q.  5  a  stud  to  support 
the  other  end  of  the  axis  of  that  wheel. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  naust 
be  regulated  to  cut  them  of  the  due  degree  of  fineness,  by  means 
of  the  regulating  screw  l;  which,  by  screwing  further  through 
the  arm  m^  will  make  the  files  finer,  and,  vice  versa,  by  unscrew- 
ing it  a  little,  will  make  them  coarser ;  for  the  arm  o  vi^ill,  by 
that  means,  fa^ve  liberty  to  rise  the  higher,  which  will  occasion, 
the  arm  p,  with  the  claw,  to  move  further  along  the  peripheiy 
M  the  ratch-wheel,  and  consequently  communicate  a  more 
extensive  motion  to  the  carriage  cccc,  and  make  the  files 
coarser. 
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When  die  machine  is  dius  adjusted^  a  Mind  man  may  cut  a 
file  MTith  more  exactness  than  can  be  done  in  the  usual  method' 
with  the  keenest  tight :  for  by  striking  ivith  a  hammer  on  the* 
head  of  the  cutter  or  chisel  hh,  all  the  movements  are  set  at' 
work;  and^  by  repeating  the  stroke  with  the  hammer^  the  files 
en  one  side  will  at  length  be  cut :  then  they  must  be  turned,  and 
the  operation  repeated,  for  cutting  the  other  side.  It  is  need-' 
less  to  enlarge  much  on  the  utility  or  extent  of  this  machine; 
for,  on  an  examination,  it  will  appear  to  persons  of  but  in* 
diffenent  mechanical  'skill,  that  it  may  be  made  to  work  by  water 
as  readily  as  by  hand,  to  cut  coarse  or  fine,  large  or  small,  files^ 
or  Ismy  number  at  a  time;  but  it  may  be  more  particularly  useful 
for  <5utting  very  fine  small  files  for  watchmakers :  as  they  may 
be  executed  by  this  machine  with  the  greatest  equality  and 
nicety  imaginable.  As  to  the  materials  and  dimensions  of  the 
several  parts  of  this  machine,  they  are  left  to  the  judgment 
and  skill  of  the  artist  who  may  have  occasion  to  make  one ;  only 
observing  that  the  whole  should  be  capable  of  bearing  a  good 
deid  of  vicrfence. 

FIRE-E8CAPJB,  a  machine  for  removing  persons  from  the 
upper  stories  of  houses  oo  ^e.  It  consists  of  a  pole,  a  rope^ 
and  a  basket.  The  pole  is  of  fir,  or  a  common  scaffold  pole^' 
of  any  convenient  length  from  36  to  46  feet.  The  diameter  at 
bottom,  or  greatest  end^  about  five  inches :  and  at  the  top,  or 
smallest  end,  about  three  inches.  At  three  feet  from  the  top  is 
a  mectise  through  the  pole,  and  a  pulley  fixed  to  it  of  nearly  the 
same  diameter  with  the  pole  in  that  part.  The  rope  is  about 
diree  quarters  of  an  ii^ch  diameter,  and  twice  the  length  of  the 
pole,  with  a  spring  hook  at  one  end,  to  pass  through  the  ring  ia 
the  handle  of  the  basket  when  used :  it  is  pi^t  through  the  mortise 
over  the  pulley,  and  then  drawn  tight  on  each  side  to  near  the 
bottom  of  the  po)e,  and  made  fast  there  till  wanted.  The 
basket  should  be  of  strong  wicker-work,  three  feet  and  a  half 
long,  two  feet  and  a  half  wide,  rounded  off  at  the  comers,  and 
four  fee$  deep,  rounding  every  way  at  the  bottom.  To  the  top( 
of  the  basket  is  fixed  a  strone  iron  curve  or  handle,  with  an 
eye  or  ring  in  the  middle ;  and  to  one  side  of  the  basket,  near 
the  top^  is  fixed  a  small  cord,  or  guide-rope,  of  about  the  length 
of  the  pole.  When  the  pole  is  raised,  and  set  against  a  heuse 
ov^  the  window  from  which  any  persons  are  to  escape,  the 
manner  of  using  it  is  so  plain  and  obvious,  that  it  need  not  be 
described.  The  most  convenient  distance  from  the  house  for 
the  foot  of  the  pole  to  stand,  where  practicable,  is  about  12  or 
14  feet.  If  two  strong  iron  straps,  about  three  feet  long,  riveted 
to  a  |bar  cross,  and  spreading  about  14  inches  at  the  foot,  were 
fixed  at  the  bottood  of  the  pole,  this  would  prevent  its  turoinp; 
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roQod  or  sUpping  on  the  pavement :  and  if  a  strong  iron  hoop, 
or  ferrule,  riveted  (or  welded)  to  a  semicircular  piece  of  iron 
spreading  about  twelve  inches,  and  pointed  at  the  ends,  wer^ 
axed  on  at  the  top  of  the  pole,  it  would  prevent  its  sliding 
against  the  wall. 

When  these  two  last^mentioned  irons  are  fixed  on,  they  give 
the  pole  all  the  steadiness  of  a  ladder;  and  because  it  is  not  easy^ 
except  to  persons  who  have  been  used  to  it,  to  raise  and  set  upr 
right  a  pole  of  40  feet  or  more  in  length,  it  vnll  be  convenient  tp ' 
liave  two  small  poles  or  spars  of  about  two  inches  diameter, 
fixed  to  the  sides  6f  the  great  pole  at  about  two  or  three  feet 
above  the  middle  of  it,  by  iron  eyes  riveted  to  two  plates,,  so 
as  to  turn  every  way ;  the  lower  end  of  these  spars  to  rjeach 
witlmi  a  foot  of  the  bottom  of  the  great  pole,  and  to  have  ferules 
and  short  spikes  to  prevent  sliding  on  die  pavement,  when  iise<| 
occasionally  to  support  the  great  pole  like  a  tripod.  Th^r^ 
should  be  two  strong  ash  trundles  let  through  the  pole,  one  at 
fonr  feet  and  one  at  five  feet  from  the  bottom,  to  stan4.out 
about  eight  inches  on  each  side,  and  to  serve  as  handles,  or  tQ 
twist  the  rx>pe  round  in  lowering  a  very  heavy  weight.  If  a 
Mock  and  pulley  were  fixed  at  about  the  middle  of  the  rope, 
above  the  other  pulley,  and  the  other  part  of  the  rope  made  tQ 
run  double,  it  would  diminish  any  weight  in  the  basket  neady 
one-half,  and  be  very  useful  in  drawing  any  person  up  to  the 
assistance  of  those  in  the  chambers,  or  for  removing  any  effect^ 
out  of  a  chamber,  which  it  might  be  dangerous  to  attempt  by 
the  stairs. 

It  has  been  proved,  by  repeated  trials,  that  such  a  pole  as  we 
have  been  speaking  of  can  be  raised  from  the  ground,  and  twp 
or  three  persons  taken  out  of  the  upper  windows  of  a  house, 
and  set  down  safely  in  the  street,  in  the  space  of  35  seconds,  or 
a  little  more  than  half  a  minute.  Sick  and  infirna  persons, 
women,  children,  and  many  others,  who  cannot  make  use  of  a 
ladder,  may  be  safely  and  easily  brought  down  from  any  of  the 
windows  of  the  house  on  fire  by  this  machine,  and  by  putting  9, 
short  pole  through  the  handles  of  the  basket,  may  be  removed 
to  any  distance  without  being  taken  out  of  the  basket.  The 
pole  must  always  have  the  rope  ready  fixed  to  it,  and  may  be 
conveniently  laid  up  upon  two  or  three  iron  hooks  under  any 
shade  or  gateway,  and  the  basket  should  be  kept  at  the  wajtch* 
house.  When  the  pole  is  laid  up,  the  two  spars  should  always 
be  turned  towards  the  head  of  it.  The  basket  should  be  made 
of  peeled  rods,  and  the  pole  and  spars  painted  of  a  light  stoner 
colour,  to  render  it  more  visible  when  used  in  the  night.. 

Other  ingenious  contrivances  for  this  purpose  are  described  in 
Mr.  Boswortb's  ^'  Accidents  of  Human  Life/'  , 
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FIR£*£N6INE,  the  name  now  commonlj  given  to  a  ma- 
idiine  by  which  water  is  thrown  upon  fires  in  order  to  extinguish 
Ihem.  Various  machines  have  been  contrived  for  that  purpose 
Alt  different  times;  the  most  essential  particulars  in  a  few  of 
which  we  shall  here  describe. 

The  usual  construction  of  the  fire-engine^  after  the  great 
improvements  were  made  in  it  by  Mr.  R.  Ne^vshanl9  was 
nearly  that  which  is  exhibited  in  fig.  2.  pi.  XV.  where  we  have 
represented  a  vertical  section  of  the  engine.  The  motion  of  th(i 
winter  in  this  machine  is  effected  by  the  pressure  of  the  atmo- 
sphere, the  force  of  men  acting  upon  the  extremities  h'^  h^',  of 
a  lever,  and  thence  giving  motion  to  the  pistQus,  and  by  the 
elasticity  of  condensed  air,  in  the  following  manner:— When 
the  piston  r  is  raised  a  vacuum  would  be  made  in  the  barrel 
TV  if  the  water  did  not  follow  it  from  the  inferior  canal  Biv[ 
(through  the  valve  h),  which  rises  through  the  tube  ef  immersed 
in  the  water  of  a  vessel  by  the  pressure  of  the  atmosphere  on  ifs 
surface.  The  water  of  the  barrel  tu,  by  the  succeeding  de- 
pression of  the  piston  r,  shuts  the  valve  h,  and  is  forced,  through 
the  superior  canal  ON,  to  enter  by  the  valve  i  into  the  air- 
vessel  abed;  and  the  like  being  done  alternately  with  respect  to 
the  other  barrel  wx,  and  its  piston  s,  the  air  vessel  is,  by  these 
means,  continually  filling  widi  water,  which  greatly  compresses 
Ithe  air  above  the  surface  of  the  water  in  that  vessel,  and  thereby 
proportionally  augments  its  spring :  which  at  length  is  so  far 
increased  as  to  re-act  with  great  force  on  the  surface  yz  of  the 
fubjacent  water^aud  compel  it  to  ascend  through  the  small  tube 
ef  to  the  stop-cock  eg,  where  upon  turning  the  cock  the  water 
is  suffered  to  pass  through  a  pipe  A  fixed  to  a  ball  anil  socket ; 
from  the  orifice,  of  which  it  issues  in  a  continued  stream  with  a 
^reat  velocity,  to  a  considerable  height  or  distance ;  and  it  is 
usually  kept  from  diverging  too  soon  in  its  progress  by  means 
of  a  long  series  of  flexible  leather  pipes,  properly  joined  toge- 
ther, and  known  among  the  fire-men  by  the  name  of  the  hose. 

Desaguliers  remarks  (vol.  1.  p.  257.)  that  Mr.  Newsham  con- 
trived his  engines  in  such  a  manner,  ^^  that  part  of  the  men  who 
work  them  exert  their  force  by  treading,  which  is  more  effectual 
than  any  other  way  that  men  can  work  at  such  engines ;  the 
whole  weight  of  the  body  being  sufficiently  thrown  on  the 
forces  of  the  pumps:  and  even  part  of  a  man's  strength  may  be 
added  to  the  weight  by  means  of  horizontal  pieces  to  which  He 
can  apply  his  hands  when  he  is  treading ;  whereas,  by  applying 
the  hands  to  move  levers  or  turn  winches,  the  power  must  act 
very  unequally.  This  is  the  reason  why  with  the  same  number 
of  men  he  has « generally  thrown  water  further,  higher,  and 
in  greater  quantities,  with  the  same  sized  eng'mes,  than  other 
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engineers  who  have  tried  their  engines  against  his.*^  Notwith^ 
•tanding  the  truth  of  this  remark,  we  are  not  aware  that  the 
combination  of  human  weight  and  strength  here  recommended 
has  been  practised  in  any  subsequent  fire-engines,  or  indeed  in 
may  machines  whatever,  except  the  ingenious  walking  crane  of 
mr*  Hardie. 

The  greatest  artifice  in  the  engine  according  to  the  constmcr 
tion  just  described  is  the  contrivance  to  produce  a  continual 
0iream,  which  is  done  by  the  compression  and  proportional 
elasticity  of  air  in  the  barrel  abcd^  called  the  air-vessel.  For 
the  air,  being  an  elastic  fluid,  will  be  susceptible  of  compres- 
sion in  any  degree  by  the  water  forced  in  through  the  valves  at 
IK ;  and,  since  the  force  of  the  air's  spring  will  always  be  in- 
versely as  the  space  it  possesses  (art.  489.  vol.  I.),  it  follows  that 
^en  the  air-vessel  is  half  full  of  water  the  air  will  be  com^ 
pressed  into  half  the  space  it  possessed  at  first,  and  therefore  itt 
spring  will  be  twice  as  great  as  at  first. 

But  this  £(pring  at  first  was  equal  to  the  pressure  of  the  at- 
mosphere on  the  same  surface:  for  if  it  were  not  it  could  not 
liave  sustained  or  resisted  the  pressure  of  the  atmosphere  whick 
Mood  over  it,  and  consequently  could  not  have  filled  the  vesscA 
before  the  water  was  dnven  in;  which  yet  we  find  it  did,  and 
maintained  an  equilibrium  with  the  common  air.  The  vessel 
€hen  being  half  filled  with  water,  or  the  air  compressed  into  half 
the  first  space,  its  spring  will  in  this  case  be  equal  to  twice  the 
pressure  of  the  atmosphere;  and  therefore  when  the  stop-cock 
ttt  p  is  turned,  the  air  within,  pressing  on  the  subjacent  water 
wiUi  twice  the  force  it  me^ts  with  frbin  the  exteirnal  air  in  the 

Eipe  ef,  will  cause  the  water  to  spout  out  of  the  engine  to  the 
eight  of  32  or  33  feet,  if  the  friction  is  not  too  great. 
When  the  air-vessel  i^  f  fidl  of  water,  the  air  tdkes  up  -^  part ; 
whence  its  spring  will  be  three  times  as  great  as  that  of  the 
eomqaon  air,  and  it  will  project  tKe  water  with  twice  the  com- 
mon atmospheric  pressure;  consequently,  it  will  rise  to  the 
lietght  of  62  or  64  feet.  When  the  air-vessel  is  ^  full  of  water 
the  air  will  be  compressed  into  its  7  part,  and  so  will  protrude 
the  water  With  three  times  the  atmospheric  pressure,  and  carry 
it  to  the  height  of  96  or  99  feet.  Hence  it  will  be  easy  to. 
state  the  law  by  which  the  spring  of  the  air  will  act  on  thet 
^rface  of  the  water  below  it;  as  in  the  following  table. 
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Various  alterations  and  improvements  have  been  made  from 
time  to  time  ia  the  construction  of  Fire-engines.    The  con- 
trivers of  some  of  these  improvements^  as  Messrs.  Bramah, 
Dickenson,  Simpkin,  Rowntree,  and  Phillips^  have  secured  their 
inventions  fnom  infringement  by  patents ;  the  specifications  of 
most  of  which  maybe  seen  in  the  Repertory  of  Arts  and  Manu- 
faiqtures.    in  the  year  1785  the  silver  medal  and  twenty  guineas 
were  conferred  by  the  ^*  Society  for  the  Encouragement  of  Arts,^. 
Sec*  on  Mr.  Furst,  as  a  reward  for  his  contrivance  to  increase 
the  effect  of  engines  in  extinguishing  fires;  of  which  the  follow- 
ing is  a  short  description :  from  a  platform  rises  ah  upright  pole 
pt  ma^ty  of  siich  height  as  may  be  judged  necessary;  a  gaft  slides 
upon  it  in  an  ascending  direction,  and  along  both  is  conveyed 
the  leather  hose  from  the  engine.    The  branch  or  nose-pipe  of 
tbe  engine  pro^cts  at  the  extremity  of  the  gaft ;  towards  which 
an  iron  frame  is  fixed^  whence  two  chains  are  suspended ;  and 
froni  these  hang  ropes,  which  serve  to  give  an  horizontal  di-* 
rection  to  the  branch ;  while  other  ropes,  that  run  through 
proper  pullies,  and  are  thus  conveyed  down  the  mast,  serve 
likewise  to  communicate  a  vertical  motion  to  it.     By  these 
means,  the  branch  or  nose-pipe  of  the  engine  is  conducted  into 
the  window  of  any  room  where  the  fire  more  immediately 
rages ;  and  the  effect  of  the  water  discharged  is  applied  in  the 
most  efficacious  manner  to  tlie  extinguishing  of  the  flames. 

A  very  cheap  and  simple  fire-engine  is  that  invented  in  Ame- 
rica hj  Mr.  Bir^amin  Dearborn,  who  communicated  it  to  the 
American  Academy  of  Arts  and  Sciences,  from  whose  Memoirs 
for  1794  we  extract  the  following  particulars : 

Fig.  4.  pi.  XV.  AB  and  cD  are  the  edges  of  two  planks^  con- 
fined by  four  bolts ;  a  b  and  c  d  are  two  cylindrical  barrels,  in 
each  of  which  a  piston,  with  a  valve,  is  fastened  to  the  spear  ^, 
and  is  moved  up  and  down  alternately  by  the  motion  of  the 
arms  ^b.     Beneath  e^ph  band  a  bolq  is  m^de  through  tbe 
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plank  AB,  which  is  covereid  with  a  v^Ive.  The  arms  ee  are 
suspended  on  the  common  centre  y:  there  are  aho  artns  parallel 
to  these  on  the  oppo^te  side  :  gg  are  the  ends  of  handles  which 
are  fastened  across  the  ends  of  the  arms.  At  A  a  bolt^oes  across 
from  arm  to  arm,  to  which  the  piece  ik  is  affixed,  and  on  which 
it  plays  ;  the  lower  end  of  this  piece  is  fastened  to  the  top  of  the 
«pear  e.  olf  is  a  standard  for  the  purpose  pf  supporting  the 
armi,  to  which  there  19  a  correspondent  one  on  the  opposite 
side ;  both  su'e  notched  into  the  edges  of  the  plank s,  where  they 
are  secured  by  a  bolt,  which  passes  through  them  at  /,  and  ha^ 
a  nut  or  fdre-lock  on  die  opposite  side.  Hi^H^are  square  braceSj, 
answering  the  purpose  of  ducts,  through  which  the  water  as- 
cends from  the  barrels,  passing  through  the  plank  at  m.  rLi^ 
KL,  are  irons  in  the  form  of  a  staple^Lin  order  to  confine  the 
braces  :  the  lower  ends  of  these  irons  meet,  and  are  secured  \Sj 
a  bolt  passing  through  them,  and  mniio,  which  is  a  piece  that 
goes  up  througii  a  mortice  in  the  centre  of  the  planks.  .  TUu} 
piece  is  square  from  the  lower  end,  till  it  reaches  the  top  of  thii{ 
braces ;  whence  they  become  cylindrical  to  the  top,  the  upper 
end  being  perforated  sufficiently  low  down,  in  order  to  com^ 
municate  with  the  braces,  op  is  an  iron  ring  that  surrounds 
the  tube,  and  has  two  shanks  which  ascend  through  the  bead^ 
which  screws  on  the  top  at  pq;  rs  is  a  ferule  nai|ed  round  thcf 
tube.  '^ 

Fig.  5.  is  the  same  engine ;  the  arms  and  standards  being 
taken  off,  in  order  to  delineate  more  clearly  the  mode  of  secur* 
in^  the  braces ;  an  object  which  is  completely  effected  by  a 
wedge  driven  into  the  mortice  a :  beneath  the  upper  plank  b  is 
a  hole  for  admitting  a  passage  to  the  bolt,  which  secures  the 
standards.  In  this  figure  a  side  view  of  the  head  is  given,  with 
the  pipe  in  a  perpendicular  direction. 

The  machine  is  confined  within  a  box,  set  on  wheels,  as  in 
the  conftmon  fire-engines.  The  whole  is  made  of  wood,  ex- 
cepting the  spears  of  the  pumps,  and  a  few  bolts,  &c.  The 
advantages  of  this  machine  are,  that  it  can  be  made  in  any 
place  where  common  pumps  aremanufactured ;  that  the  interior 
work  will  not  exceed  one-fourth  of  the  price  of  those  which 
are  constructed  on  the  usual  plan ;  and  that  they  are  incompara- 
bly more  easy  to  work  than  the  common  ones  :  circumstances 
which  strongly  recommend  the  American  fire-engine  to  the  At- 
tention of  the  public. 

FLAX-MILLS  have  been  constructed  in  great  variety :  but 
one  of  the  best  we  are  acquainted  M'ith  is  described  in  Grajf^s 
Experienced  Millwright,  m  nearly  the  following  terms. 

rig.  1.  pi.  XVI.  is  the  plan,  a  a,  the  water-wheel,  cc, 
the  shaft  or  asle  upon  wbidi  it  is  fixed,    bb,  a  wheel  fiastetied 
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«q[>oD  the  same  shaft,  containing  102  teeth,  to  drive  the  pinion 
p,  having  25  teeth,  which  is  fixed  upon  the  middle  bruising- 
roller  :  E^  a  pinion  in  which  are  10  teeth,  turned  by  the  wheel 
B,  which  is  fastened  upon  the  under  end  of  the  perpendicular 
shaft  that  carries  the  scutchers,  mm,  the  large  frame  that 
supports  one  end  of  the  shaft  c,  and  the  perpendicular  axle. 
NN  are  frames  iii  which  the  rollers  turn  that  break  or  bruise 
the  rough  flax,  ia  and  l,  the  machine  and  handle  to  raise  the 
sluice  when  the  water  is  to  be  let  on  the  wheel  aa  to  turn  it 
round.  r.G,  doors  in  the  side-walls  of  the  milUhouse.  IK^ 
windows  to  lighten  the  house,  uh,  stairs  leading  up  to  the 
loft. 

Tig.  2.  Elevation,  a  a,  the  water-wheel  upon  its  shaft  cc, 
on  which  shaft  the  wheel  bb  is  also  fixed  :  this  latter  wheel  con- 
taining 102  teeth,  to  turn  the  wheel  £,  having  25  teeth,  whicb 
is  fastened  upon  the  middle  bruising-roller,  if  is  a  vertical 
shaft,  upon  the  lower  end  of  which  is  fixed  a  pinion  having  10 
teeth,  which  is  dnveu  by  the  wheel  b.  There  are  two  arms* 
diatpass  through  the  shatt  i^ ;  and  upon  these  arms  are  fastened^ 
with  screwed  iron  bolts,  the  scutchers  that  clear  tlie  refuse  off 
the  flax.  ^  DD,  the  frames  which  support  one  end  of  the  axle  c^ 
the  vertical  shaft,  and  the  breaking  rollers :  L,  a  weight  sua* 
pended  by  a  rope,  the  other  end  of  which  is  fastened  to  a 
bearer,  as  is  seen  in  fig.  3.  ss  a  lever,  the  short  arm  of  which 
is  attached  to  the  frame  that  the  gudgeons  of  the  upper  roller 
turn  in;  and  by  pushing  down  the  long  arm,  the  upper  roller  isy^ 
when  necessary,  so  raised  as  to  be  clear  of  the  middle  one.  nn, 
the  end  walls  of  the  mill-house,  rb,  the  couples  or  frame  of  the 
roofl     H,  a  door  in  the  side-wall.     iK,  windows. 

Fig.  3.  Section,  aa,  die  great  water-wheel  fixed  upon  it9 
shaft,  and  containing  40  aws  or  float-boards  to  receive  the  water 
which  communicates  motion  to  the  whole  machinery.  .  BQ,  a 
wheel  fastened  upon  the  same  axle,  having,  as  before  mentioned^, 
102  cogs,  to  drive  the  wheel  c  of  25  teeth  which  is  fixed 
upon  the  middle  roller,  No.  1.  The  thick  part  of  this  roller  is 
fluted,  or  rather  has  teeth  all  round  its  circumference.  These 
teeth  are  of  an  angular  form,  being  broad  at  their  base,  and 
thinner  towards  their  outward  extremities,  which  are  a  little 
rounded,  to  prevent  them  from  cutting  the  flax  as  it  passes 
through  betwixt  the  rollers.  The  other  two  rollers  JSTos.  2.  and 
3.  have  teeth  in  them  of  ^the  same  form  and  size  as  those  in  the 
middle  roller,  whose  teeth,  by  taking  into  those  of  these  two  roll- 
ers, turns  them  both  round.  The  rough  flax  is  made  up  into 
small  parcel:^,  which  being  introduced  betwixt  the  middle  and 
upper  rollers,  pass  round  the  middle  one ;  and  this  either  haviii|^ 
jroQera  placed  on  its  offside^  or  being  inclosed  by  a  curved  board 
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that  turns  the  flax  out  betwixt  the  middle  and  under  rolleriy  when 
it  is  again  put  in  bet\vixt  the  middle  and  upper  one,  round  tbf 
same  course^  until  it  be  sufficiently  broken  or  softened,  apd  pre*; 
pared  for  the  scutching  machine.  The  bearer  in  which  tlie  gud- 
geon of  the  roller  No.  1.  turns  is  fixed  in  the  frame  at  c ;  and  the^ 
gudgeons  of  the  rollers  Nos.  Q,,  and  3.  turn  in  sliders  that  move 
up  or  down  ip  grooves  in  the  frames  ss.  The  under  roller  i^ 
kept  up  to  the  middle  one  by  the  weights  dd^  suspended  by  two 
ropes  going  over  two  sheeves  in  the  frames  ss  ;  their  other  ends' 
bemg  fastened  to  a  transverse  bearer  below  the  sliders  in  which 
tke  gudgeons  of  the  roller  No  3.  turn.  The  weights  i>D  must 
be  considerably  heavier  than  the  under  roller  and  sliders,  in 
order  that  its  teeth  may  be  pressed  in  betwixt  the  teeth  of  No.  1 . 
to  bruise  the  flax  when  passing  between-the  rollers.  The  whole 
weight  of  the  roller  No.  2.  presses  on  the  flax  which  passes 
between  it  and  No.  1 .  There  is  also  a  box  fix^d  on  the  upper 
edge  of  its  two  sliders  to  contain  a  parcel  of  stones,  or  lumps  of 
eny  heavy  metal,  so  that  rbore  or  less  weight  can  be  added  to 
the  roller,  as  is  found  necessary,  oo,  is  the  large  frame  that 
supports  one  end  of  the  shaft  which  carries  thjc  two  wheels  a,  b^ 
mnd  vertical  axle  ff  ;  on  the  lower  end  of  which  is  fixed  the 
pinion  turned  by  the  wheel  b,  and  having  10  teeth.  In  the  axle 
F  are  arms  upon  which  the  scutchers  are  fastened  with  screwied 
bolts,  as  seen  at  gg,  iig.  2.  These  scutchers  are  inclosed  in 
Ae  cylindrical  box  be,  having  in  its  curved  surface  holes  or 
porches  at  which  the  handfuls  of  flax  are  held  in,  that  they  may 
be  cleaned  by  the  revolving  scutchers,  hh,  the  fall  or  course 
'of  the  water,  tt,  the  sluice,  machine,  and  handle,  for  raising 
the  sluice  to  let  the  water  on  the  great  wheel.  The  gudgeons 
of  the  axles  should  all  turn  in  cods  or  bushes  of  brass.  n^K,  the 
side-wallsof  the  mill-house.'    gg,  doors,     ^l,  windows. 

FLOUR-MILLS  are  put  into  motion  in  various  ways :  somer 
times  the  first  mover  is  wind,  at  others  water,  at  others  the  force 
of  steam,  at  others  the  muscular  etiergy  of  animals.  See  Fool" 
mill,  Hand'tnillj  fVind-mill,  &c. 

The  mechanism  of  the  grinding  part  of  most  of  these  is 
nearly  the  same,  and  well  understood :  so  that  it  will  not  be 
necessary  to  enter  much  into  minutiae,  but  merely  to  present  a 
general  description  of  a  well-constructed  mill,  with  any  first 
mover;  and  subjoin  to  this  description  some  remarks,  rules, 
land  tables. 

In  plate  XVII.  we  have  given  a  section  of  a  double  Flour- 
mill,  reduced  from  Gray's  Experienced  Millwright,  with  the 
following  account,  a  a,  the  water-wheel,  bb,  its  shaft  or 
axle.  CO,  a  wheel  fixed  upon  the  same  shaft,  containing  9,0 
teeth  or  cogs,  todriv^  the  pinion  No.  1.  having  23  teeth,  whlfti 
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is  fastened  upon  the  vertical  shaft  d.  No.  2.  a  wheel  fixed  i^on 
the  shaft  d,  eontaining  82  teeth,  to  turn  the  two  pinions  wv^ 
having  15  teeth,  which  are  fastened  upon  the  iron  axles  or 
apindles  that  carry  the  two  upper  mill-stones,    ee,  the  beam 
or  sill  that  supports  the  frame  on  which  the  under  mill-stones 
are  laid,     go,  the  cases  or  boxes  that  enclpse  the  upper  mill- 
stones ;  they  should  be  about  2  inches  distant  from  the  stone  all 
round  its  circumference,     tt,  the  bearers,  called  bridges^  upon 
which  the  under  end  of  the  iron  spindles  tarn.     These  spindles 
pass  upward  through  a  hole  in  die  middle  of  the  nether  milU  . 
stones,  in  which  is  fixed  a  wooden  bush  that  their  upper  ends 
turn  in.     The  top  part  of  the  spindles,  above  each  wooden 
bush,  is  made  square,  and  goes  into  a  square  hole  in  an  iron 
cross,  which  is  admitted  into  grooves  in  tne  middle  and  underr 
surface  of  the  upper  mill-stone.     By  this  means  that  stone  is 
.  carried  round  along  with  the  trundles  ff,  when  turned  by  the 
wheel  JNo.  2.     One  end  of  the  bridges  tt  is  put  into  mortises 
in  fixed  bearers,  and  the  other  end  into  mortises  in  the  bearers 
that  move  at  one  end  on  iron  bolts,  their  other  ends  hanging  by 
iron  rods  having  screwed  nuts,  as  u  u ;  so  that  when  turned  for- 
ivard  or*  backward  they  raise  or  depress  the  upper  mill-stones, 
according  as  the  miller  finds  it  necessary,      ss,  the  feeders,  in 
the  under  end  of  each  of  which  is  a  square  socket  that  goes  upon 
the  square  of  the  spindles  above  the  iron  cross  or  rind,  and 
having  three  or  four  branches  that  move  the  spout  or  shoe,  and 
feed  the  wheat  constantly  from  the  hoppers  into  the  hole  or  eye 
of  the  upper  mill-stone,  where  it  is  introduced  betwixt  the 
stones ;  and  by  the  circular  motion  of  the  upper  stone  acquires 
a  centrifugal  force ;  and  proceeding  gradually  from  the  eye  of 
the  uull-stoue  towards  the  circumference,  is  at  length  thrown 
out  in  flour  or  meal,     er,  the  sluice,  machine,  and  handle,  to 
raise  the  sluice,  and  let  the  water  on  the  wheel  a  to  drive  it 
round.     No.  S.  is  a  wheel  fixed  upon  the  shaft  d,  containing  44 
teeth,  to  tui*n  the  pinion  No.  4.  having  1 5  teeth,  which  is  fas- 
tened upon  the  horizontal  axle  h.     On  this  axle  is  also  fixed 
the  barrel  k,  on  which  go  the  two  leather  belts  that  turn  the 
wire  engine  and  bolting  mill,     l,  an  iron  spindle,  in  the  under 
end  of  which  is  a  square  socket  that  takes  in  a  square  on  the  top 
of  the  gudgeon  of  tlie  vertical  shaft  d.     There  is  a  pinion  m,  of 
9  teeth,  .fixed  on  the  upper  end  of  the  spindle  l,  to  turn  the 
whedi  MM,  having  48  teeth,  which  is  fastened  upon  the  axle 
round  which  the  rope  zz  rolls,  to  carry  the  sacks  of  flour  up  to 
the  cooUng  benches.    By  pulling  the  cord  oca  little,  the  vriieel 
MM  and  its  axle  are  put  into  motion,  in  consequence  of  thai 
wheel  and  its  axle  being  moved  horizontally,  until  the  teeth  of 
Hie  wheel  are  brouglit  into  contd^t  with  those  of  the  pinion  a^^ 
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the  top  of  the  spiadle  l:  and,  on  the  contnry,  by  puffing  the 
cord  FP,  the  wheel,  m  and  its  axle  are  moved  in  the  opposite 
horizontal  direction,  till  they  are  thrown  out  of  geer  with  the 
pinion,  and  the  rotatory  motion  of  that  wheel  stops.  But  when; 
the  sack  of  flour  is  raised  up  to  the  lever  q,  it  pushes  up  diat 
end  of  the  lever,  and  of  course  the  other  end  down ;  by  vrhieh 
means  the  pinion  m  is  disengaged^  and  thus  that  part  of  the  mnr 
chine  stops  of  itself,  nn  are  two  large  hoppers,  into  which  the 
clean  wheat  is  put  to  be  conveyed  down  to  the  hoppers  SS) 
placed  on  the  frame  immediately  above  the  mill-stones,  ww^' 
the  side-wall  of  the  mill-house,  v^  the  couples  or  frame  of  the 
roof.     XX,  windows  to  lighten  the  house. 

Fig.  1.  in  the  margin  represents  the  surface  of  the  under 
grinding  mill-stone ;  (he  way  of  laying  out  the  roads  or  channels; 
the  wooden  bush  fixed  into  the  hole  in  its  middle,  in  which  the 
upper  end  of  the  iron  spindle  turns  round;  and  the  case  or 
boops  that  surround  the  upper  one,  which  ought  to  be  two 
inches  clear  of  the  stone  all  round  its  circumference. 

Fig.  2.  the  upper  grinding  mill-stone,  and  iron  cross  or  lind 
in  its  middle ;  in  the  centre  of  which  is  a  square  hose  that  takes 
in  a  square  on  the  top  of  the  iron  spindle,  to  carry  round  the 
mill-stone.  When  the  working  sides  or  faces  of  the  mill-stones 
are  laid  uppermost,  the  roads  (or  channels)  must  lie  in  the  same 
direction  in  both ;  so  that  when  the  upper  stone  is  turned  bver^ 
and  its  surface  laid  upon  the  under  one,  then  the  channels  may 
cross  each  other,  which  assists  in  grinding  and  throwing  out  the 
flour;  the  sharp  edges  of  the  two  furrows  then  cutting  against 
each  other  like  scissors.  The  roads  are  likewise  laid  out  accord- 
ing to  the  way  the  upper  stone  revolves.  In  those  represented 
in  the  figures  the  running  mill-stone  is  supposed  to  turn  *^  sun^ 
way,"  or  as  in  what  is  called  a  right-handed  mill :  but  if 'the 
stone  revolves  the  other  way  the  channels  must  be  cut  the  re- 
verse of  this,  and  then  the  mill  is  termed  a  iefUhanded  one. 

The  elevation  of  this  mill  may  be  seen  in  Gray's  Millwright, 
pi.  XXXI. 

It  will  not  be  expected  that  we  should  allot  much  space  to 
the  theory  of  flour-mills,  though  it  may  not  be  advisable  to 
pass  it  over  entirely.  We  shall  therefore  give  two  or  three 
theorems  for  a  single  flour-mill  of  the  common  construction; 
which  may  be  applied  with  facility,  so  far  as  they  are  useful^  to 
double  or  triple  mills. 

Let  the  weight  of  the  upper  stone  when  furrowed  be  =:.w, 
the  resistance  of  the  corn  reduced  to  the  distance  of  the  centre 
of  gyration,  or  at  f  of  the  radius  of  the  upper  stone  =  r,  then 

according  to  Belidor^  r  s=  ^,  while  according  to  Fabre  B  = 
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•^.  But  when  the  upper  stone  to  work  most  adrantageouslj 
in  e?ery  respect  goes  round  60  times  in  a  minute,  we  have 

__  60     2w    _^       60  2w  __    pw 

^  ■"  T  '  IT  ■"    450-i-D   '  35   "^  13l| 

This,  however,  would  require  an  upper  mill-stone  of  about  7| . 
feet  diameter :  for  when  the  diameter  of  that  stone  is  d  in  fee^ 
^d  N  the  most  advantageous  number  of  rotations  in  1  minutt, 

we  have,  from  many  observations,  n=  — ,  as  introduced  into 

llie  preceding  theorem ;  and  this,  when  n  =:  60,  gives  d  ==  7}. 
Let  the  whole  friction  when  reduced  to  f  (Sf  the  radius  of 
&e  upper  stone  be  represented  by  f,  and  the  effecrtive  distance 
of  the  force  or  power  from  the  axe  on  which  the  stone  revolves 
=r  r,  the  number  of  teeth  in  the  first  or  commanding  wheel  = 
Mj  and  the  number  of  staves  in  the  trundle  =:  m,  the  number  of 
revolutions  of  the  water-whed  in  1  minute  =  n,  the  power 
which  at  the  distance  r  from  the  axe  of  the  water-wheel  is  ne* 
cessary  to  retain  the  whole  load  in  equilibrium  =:  ^  ;  so  shall 
ve  have 

whence,pc=^(K+F) 
or,  because  —  =:  —   . 

'  ^     TO  n 

wehave|)  =  ~^(R+F). 

Let  the  time  in  seconds  in  which  the  water-wheel  revolve* 
be  ;=  f ,  the  velocity  with  which  any  point  in  its  circumference 
moves  =  V,  the  height  due  to  this  velocity  being  =  A^  r  = 
9*141598,  and  g  =  16^  feet,  then  is 

t  zz  —  z=  -— r ,  and  »  =  --•=  — ^ls-. 
But  It  IS  also  «  =  --  N  =  — 

M   ^  M  O 

.         -        A50OT  60Vgh  ,  10dmv>^ 

therefore = 2-.    and  r  =  —7— 

All  tmdershot-wheel  produces  the  greatest  useful  effect,  wben 
the  height  due  to  the  velocity  of  the  impinging  water  being  a, 
we  have  h  =  ^h,  or  t?  :  v  t :  v'f  :  J  :  :  2*4?  nearly :  retaining 
these  as  sufficiently  exact  for  practice,  the  most  advantageous 
radius  of  the  undershot  water-wheel,  the  water  pushing  against 
dioi«ls  or  float-boards,  b 

eOPM^Hgv)    ^^   0'0i9DiiA/gH 

P    ""  450vM  TO 

•0101  DM  V 

or  again  g  =  — ij^T"-^* 
>^'here  v  is  the  velocity  of  the  impinging  water. 


192  MACHINES. 

But  in  undershot-mills  the  fall  is  seldom,  if  ever,  move  than 
15  or  16  feet:  in  that  case  the  most  adrantageous  position  oi 
the  work  is  to  have 

ft  122-27 


m  DV    * 


'  Further,  let  l  =  the  number  of  pounds  of  meal  which  are 
produced  every  hour,  s  =  the  specific  gravity  of  the  upper  mill* 
stone,  that  of  water  being  unity,  and  b  the  solid  content  of  die 
dtonein  cubic  feet:  the  remaining  letters  having  the  same  ac* 
ceptation  as  before :  then  .  .    ^ 

for  rye  and  wheat  L  =  0021  d*sb  —  pounds, 
for  old  barley  l  =a  0*06  d*sb  —  pounds. 


mr 


Mr.  Ferguson  has  made  some  practical  observations  onmilhv 
which,  as  they  are  not  far  from  coincidence  with  the  preceding 
tfieorems,  may  be  introduced  here. 

When  the  diameter  of  the  upper  stone  is  about  6  feet,  as  i%. 
generally  the  case,  the  lower  is  about  an  inch  more :  the  upper 
stone  then  contains  about  22\  cubic  feet,  and  weighs  ramer 
more  than  1 9000  pounds.  A  stone  of  this  kind  ought  never  to 
revolve  more  than  60  or  70  times  in  a  minute ;  for  a  more  rapid 
motion  would  heat  the  meal.  Nor  must  the  water-*wheel  be  loo 
large^  for  in  that  case  its  angular  motion  will  be  too  slow ;  oft 
the  contrary,  if  the  wheel  be  too  small,  it  will  be  deficient  in 
moving  power :  1 8  feet  diameter  is  recommended  as  a  proper 
medium.  And  Mr.  Ferguson,  on  the  supposition  that  the  floats 
of  the  wheel  ought  to  move  with  a  third  part  of  the  velocity  of 
the  water — a  supposition,  however,  which  is  not  strictly  consist- 
ent either  with  theory  or  with  Mr,  Smeaton'si  experiments  (see 
voU  I.  arts.  473,  483,  &c.) — gives  the  following  rules  for  con- 
structing the  chief  parts  of  the  mill. 

1.  Measure  the  perpendicular  height  of  the  fall  of  water  in  feet 
above  that  part  of  the  wheel  on  which  the  water  begins  to  act, 
and  call  that  the  height  of  the  fall. 

2.  Multiply  this  constant  number  64*2882  (or  rather  64f )  by 
the  height  of  the  fall  in  feet,  and  extract  the  square  root  of  the 
product,  which  will  be  the  velocity  of  the  water  at  the  bottom 
of  the  fall,  or  the  number  of  feet  the  water  moves  per  second* 

3.  Divide  the  velocity  of  the  water  by  S ;  and  the  quottent 
will  be  the  velocity  of  the  floats  of  the  wheel  in  feet  per  secend* 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the  ve- 
locity of  its  floats ;  and  the  quotient  will  be  the  number  of  secondsr 
in  one  turn  or  revolution  of  the  great  water*wheel,  on  the  axis  of 
which  is  fixed  the  cog-wheel  that  turns  the  trundle. 

5\  Divide  60  by  the  number  of  seconds  in  one  turn  of  die 
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water-wheel  or  cog-wheel ;  and  the  quotient  will  be  the  number 
of  turns  of  either  of  these  wheels  in  a  minute. 

6.  Divide  60  (the  number  of  turns  the  millstone  ought  to 
have  in  a  minute)  by  the  abovesaid  number  of  turns ;  and  the 
quotient  will  be  the  number  of  turns  the  millstone  ought  to 
have  for  one  turn  of  the  water  or  cog  wheeL      Then^ 

7.  As  the  required  number  of  turns  of  the  millstone  in  a  mit 
nute  is  to  the  number  of  turns  of  the  cog-wheel  in  a  minute^  so 
must,  the  number  of  cogs  in  the  wheel  be  to  the  number  H>f 
staves  or  rounds  in  the  trundle  on  tlie  axis  of  the  millstone,  in 
the  nearest  whole  number  that  can  be  found. 

By  these  rules  the  following  table  is  calculated ;  in  which  the 
diameter  of  the  water  wheel  is  supposed  18  feet^  and  conse- 
quently its  circumference  56^. 

The  Millwrighfs  Table. 


Per- 

peadi- 

cular 

height 

of  the 

&Hof 

witer. 


1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

1« 

17 

18 

19 

SO 


Velocity 
of  the 

water  in 
feet  per 
■ecood. 


8'0« 
11-40 
13*89 
16-04 
17-93 
19-64 
21-21 
22-68 
24«05 
25'35 
26-lir9 
2777 
28*91 
3000 
3105 
3207 
33*06 
34-02 
34*95 
35-86 


1 


Velocity 

of  the 

wheel  in 

feet  per 

second. 


T 


Number 

of  turns 

of  the 

wheel  iu 

a  minute. 


1 


2-67 

2-88 

378 

4-00 

4-63 

4-91 

5*35 

5-67 

5*98 

6-34 

6-55 

6'94 

7-07 

7-50 

7*56 

8-02 

8-02 

8-51 

8-45 

8  97 

8-86 

9-40 

9-26 

9-82 

9-64 

10-22 

10-00 

10-60 

10-35 

10-99 

10-69 

11  34 

11-02 

11-70 

11-34 

12-02 

11-65 

12-37 

11-92 

12-68 

Required 

number 

of  turns 

of  the 

millstone 

for  each 
turn  of 

the  wheel 


21-20 

15-00 

12-22 

10-58 

9-46 

8-64 

8  00 


Nearest 

num.  of  cogs 

and  staves 

for  that 

purpose. 


7 

7- 

6 

6 

6 

5 


V8 
05 
69 
38 
11 
87 
5-66 
5-46 
5-2P- 
5-13 
4-99 
4-85 
4-73 


M 


127 
105 
98 
95 
85 
78 
72 
67 


03 

I 

OB 


6 
7 
8 
9 
9 
9 
9 
9 


70  10 

67  10 

64  10 

f.l  10 

59  10 

50  10 
55  10 
53  10 

51  10 
50  10 
49  10 
47  10 


Number 

of  turns 

of  the 

millstone 

for  one 

turn  of 

the  whec. 

by  thtse 

cogs  and 

staves. 


2M7 

15-00 

12-25 

10-56 

9-44 

8-6G 

8-00 

7-44 

7-Ob 

670 

G-40 

6-10 


5' 
5' 
5 
5- 
5 
5" 
4' 
4- 


80 
60 
40 
30 
10 
00 
80 
70 


Number 
of  turns 
of  the 
mill- 
stone ia 
a  min. 
by  these 
ofTs  and 
staves. 


0 


59-91 
r>0-00 
60-14 
59-87 
59-84 
60- 10 
60-00 
59-67 
59-57 
6009 
60-16 
59-90 

^0-18 
59-36 
60-48 
60-10 
39-67 
60-10 
60-61 
59-59 
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Mr.  Fentvick,  the  author  of  "  Essays  od  Practical  M«cha^ 
Dics/'  made  ,a  numerous  set  of  experiments  on  soihe  of  the  best 
tnills  for  grinding  com^  in  order  to  form  a  set  of  tables  illustra- 
tive of  the  effect  of  a  given  quantity  of  water,  in  a  given  time^ 
applied  on  an  overshot  water-wheel  of  a  given  she.  His  ob- 
servations, tables^  and  examples,  will  form  the  remaining  part 
of  this  article.  ^ 

The  quantity  of  water  expended  on  the  water-wheel  was 
measured  with  great  exactness;  the  com  used  was  in  a  medium 
state  of  dryness;  the  mills,  in  all  their  parts,  were  in  a  medium 
working  state;  the  millstones,  making  from  90  to  100  revolu- 
tions per  minute,  were  from  4|  to  5  feet  in  diameter. 

The  result  of  the  experiments  was,  that  the  power  requisite 
to  raise  a  weight  of  SOOlbs.  avoirdupois,  with  a  velocity  of  190 
feet  per  minute,  would  grind  i  boll  of  good  rye  in  1  hour;  but, 
for  the  sake  of  niaking  the  following  tables  hold  in  practice^ 
where  imperfection  of  construction  exists  in  some  small  degree, 
it  is  taken  at  SOOlbs.  raised  with  a  velocity  of  210  feet  per 
minute,  (being  1-1 0th  more);  and  for  grinding  2, 3, 4,  or  5  bolls 
of  rye  per  hour  requires  a  power  equal  to  that  which  could  raise 
SOOlbs.  with  the  velocity  of  ^50,  506,  677,  or  865  feet  per 
minute  respectively.  The  difference  of  the  power  requisite  to 
grind  equal  quantities  of  wheat  from  that  for  rye  will  bel  very 
trifling. 

The  power  required  to  raise  a  weight  of  SOOlbs.  avoirdupois^ 
vilh  a  velocity  of  390  feet  per  minute,  will  prepare  properly 
1  t6n  of  old  rope  per  week,  for  the  purpose  of  making  paper  5 
and  for  preparing,  in  like  manner,  2  tons  of  the  same  kind  o€ 
materials  per  week,  requires  a  power  able  to  raise  SOOlbs.  withi 
a  velocity  of  525  feet  per  minute,  the  mill  working  from  10  to 
12  hours  per  day. 
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^A  ^SEX  OF  TAULEii,  shewwg  the  quantity  of  wdter  (ale  mea" 
9ure)  requisite  to  grind  different  quantities  oj  corny  from  I  to  5 
bolls  (  Winchester  measure)  per  hour,  applied  on  overshot  waters 
wheebyfrom  \0to  ^2  feet  diameter;  also  the  size  of  the  cylinder 
of  the  common  steam-engine  to  do  the  same  work. 


The  water-wheel,    10  feet 
diameter. 


Bolls  of 

com 

ground 

per  hour. 


1 

f 

3 
5 


Quantity  of 
water  requi- 
site in  ale 
gallons, 
per  minute. 


Diameter  of 
the  cyiiuder 
of  a  steam-en- 
gine to  do  the 
same  work, 
in  inches. 


786 
105G 
1341 
1617 
1894 
3220 
2541 
28dl 
3242 


12-5 
14-6 
16*75 

18-5 

20-2 

21-75 

23«25 

24-75 

26*25 


The  water-wheel,    11  feet 
diameter. 


Bolls  per 
hour. 


1 
8 

^ 

s 

4 

^ 
5 


Water,  gallons 
per  minute. 


705 
945 
1188 
1454 
1723 
2014 
2306 
2626 
2944 


Cylinder,  in 
inches. 


12*5 

14'6 

16-75 

18*5 

20*2 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,   12  feet 
diameter. 


^olli  per 
hour. 


1 
2 

H 

3 

3i 

4 

*{ 
5 


Water,  gallons 
per  minute. 


655 
873 
1091 
1343 
157C 
1840 
2117 
2408 
2700 


Cylinder,  in 
inches. 


12-5 

14*6 

16-75 

18«5 

20*2 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,   13  feet 
diameter. 


Bolls  of 

corn 

grtiund 

per  hour. 


1 

H 

2 

2§ 
3 

H 

4 

44 
5 


Quantity  of 
water  requi- 
site in  ale. 
gallons, 
per  minute. 


606 
806 
1009 
1234 
1458 
1705 
1952 
2223 
2494 


Diameter  of 

the  cylinder 

of  a  steam  eo- 

gine  to  do  tbe 

same  work, 

in  inches. 


12-5 

14«« 

16*75 

18-5 

20-2 

21*75 

23-25 

24-75 

26-25 


The  water-wheel,   14  feet 
diameter. 


Bolls  per 
hour. 


1 
2 

3 

3J 

4 

4^ 


W^ter,  gallons 
per  minute. 


564 
740 
927 
1140 
1353 
1583 
1811 
2060 
2306 


Cylinder,  in 
inches. 


13*5 

14  6 

16-75 

18*5 

20*2 

21*75 

23-25 

24*75 

26*25 


The  water-wheel,   15    feet 
diameter. 


Bolls  per 
hour. 


1 

^ 
2 

2i 
3 

4 

4i 
5 


Water,  gallons 

Cylinder  in 

per  minute. 

inches. 

535 

12-5 

710 

14*6 

894 

16*75 

1090 

18-5 

1S90 

20*2 

1503 

21*75 

1717 

33-25 

1967 

24»74 

2211 

26-25 

02 
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The  water-nvheel,  16  feet 
diameter. 


Bolls  of 

com 

ground 

per  hour. 


1 

H 

3 

4 


Quantity  of 

water  reqtH- 

site  in  ale 

gallons, 

per  minute* 


491 

650 

811 

993 

1176 

1380 

1583 

1802 

S023 


Diameter  of 
the  cylinder 
of  a  steam-en- 
gine to  do  the 

same  work, 
in  inches. 


12-5 

14-6 

16*75 

18-5 

20-2 

21-75 

33-25 

24-75 

26-25 


The  Miteter-wheel,  17  feet 
diameter. 


Bolls  per 
hour. 


1 

3 

H 

4 

H 

5 


Water,  gallons 
per  minute. 


458 

628 

770 

943 

1117 

1300 

1482 

1695 

1906 


Cylinder,  in 
inches. 


12*5 
14*6 
J  6-75 
18'5 
20-2 
21-75 
23-25 
24-75 
26-25 


The  water-wheel,   18  feet 
diameter. 


The  water-wheel,  19  feet 
diameter. 


Bolls  per 
hour.' 


1 

14 

2 

2§ 
3 

34 
4 


Water,  gallons 
per  minute. 


440 

595 

730 

860 

1054 

1227 

1400 

1600 

1800 


Cylinder*  in 
inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21.75 

23-25 

24*75 

26*25 


Bolls  of 

com 

ground 

per  hour. 


1 
H 

24 
3 

34 

4 

44 
5 


Quantity  of 
water  requi- 
site in  ale 
gallons, 
per  minute. 


Diameter  of 

the  cylinder 

of  a  steam-eo- 

gine  to  do  th* 

same  work» 

in  inches. 


411 

550 

690 

845 

1000 

1165 

1330 

1517 

1707 


12-5 

14-6 

16*7* 

18*5' 

20-2 

21-75 

23»2Sr 

24-75 

86-2S 


The  water-wheel,  20  feet 
diameter. 

Bolls  per  Water^  gallons!  Cjrlinder,  in 


hour. 


1 

14 

2 

4 

44 
5 


per  mmute. 


im^es. 


392 

12-5 

530 

14^6 

675 

16-75 

808 

18^5 

945 

20-3 

1110 

21-75 

1270 

23-^5 

1445 

2V75 

1623 

26-25 

The  water-wheel,  21  feet 
diameter. 


Bolls  per 
hour. 


1 

14 

2 

?i 
3 

? 


iWater,  gallons 

Cylindecy  m 

per  minute. 

inches. 

370 

12-5 

500 

14-6 

635 

l6-r5 

767 

18*5 

900 

20-2 

*   1060 

21-75 

:   1212 

2S'25 

1379 

24*75 

1547 

26-25 

MHour-mill. 
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The  water-wheel. 

22  feet 

The  water-wheel 

,  25  feet 

diameter 

• 

diameter 

• 

loUs^f 

Quantity  of 

Diameter  of 

1 

Bolls  of 

Quantity  of 

Diameter  of 

cwm 

water  requi- 

the cylinder 

com 

water  requi- 

the cylinder 

'gimnd 

site  in  ale 

of  a  steam-en- 

ground 

site  in  ale 

of  a  steam-en- 

per bour. 

gallons, 

gine  to  do  the 

per  hour. 

gallonsy 

gine  to  do  the 

K 

per  minute. 

same  work, 

per  minute. 

same  work. 

in  inches. 

in  inches. 

I 

350 

12-5 

1 

316 

12-5 

if 

473 

14-6 

H 

418 

14-6. 

t 

594 

16-75 

2 

520 

16-75 

2§ 

722 

18-5 

H 

635 

18-^ 

3 

860 

20-2 

3 

752 

20-2 

H 

loo; 

21-75 

34 

876  , 

21-75 

4 

1153 

23-25 

4 

985 

23-25 

H 

1313 

24-75 

H 

1150 

24-75 

5 

1472 

26-25 

$ 

1300 

26-25 

The  ^ 

nrater-wheely 

23  feet 

The  ^ 

i¥ater*wheel 

,  26  feet 

diameter. 

» 

diameter 

• 

BoUsper 

Water,  gallons 

Cylinder,  in 

BoUs  per 

Water,  gallons 

Gylindei',  in 

lUNB'. 

per  minute. 

inches. 

hour. 

per  minute. 

inchas. 

1 

338 

12-5 

1 

803 

12-5 

n 

454 

14*6 

IS 

,   403 

14*6 

51 

570 

16*75 

3 

504 

16-75 

H 

707 

18-5 

H 

617 

18*5 

3 

824 

20'2 

3 

730 

20-2 

H 

964 

21-75 

H 

852 

21-75 

4 

1134 

23-25 

4 

975 

23-25 

4* 

1258 

fi4-75 

4 

nil 

24-75 

5       ^ 

1412 

26-25 

5 

1247 

26-25 

The'^ 

wrater-wheel, 

24  feet 

The  ^ 

i¥ater*wjieelj 

27  feet 

diameter. 

didmeter 

■ 

Bolls  p 
hour. 


1 

1§ 

2 

9 

4 


Water,  gallons 
per  minute. 


327 

436 

545 

671 

788 

920 

1055 

1204 

1350 


Cylinder,  in 
inches. 


12-5 

14-6 

16-75 

18-5 

20-2 

21-75 

23-25 

24-75 

26-25 


hour. 


1 
2 

H 

3 

34 
4 

H 

5 


Water,  gallons 

Cylinder,  in 

per  minute. 

inches. 

293 

12-5 

385 

14-6 

482 

16-75 

593 

18-5 

70S 

20-2 

822 

21«75 

940 

23«S5 

1070 

24-75 

1200 

26*25 

19S 
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The  watar-wheel,  28  feet 
diameter. 


BolU  of 

corn 

ground 

per  hour. 


1 

H 

2 

3 
Si 

4 

5 


Quantity. of 
water  requi- 
site in  ale 

gallons, 
per  minute. 


£82 
370 
463 
570 
676 
791 
905 
1030 
1153 


Diameter  of 
the  cylinder 
of  a  steam-en- 
gine to  do  the 
same  work, 
in  inches. 


12-5 

14*6 

1675 

18-5 

20-2 

21*75 

«3'25 

24'75 

26*25 


The  water-wheel^  30  feet 
diameter. 


Bolls  of 

corn 

groQud 

{ler  hour. 


The  water-wheel. 

29  feet 

diameter. 

BoUs  per 

Water,  gallons 

Cylinder,  in 

hour. 

per  minute.' 

inches.  . 

1 

'  274 

12'5 

i$ 

363 

14-6 

t 

455 

16-75 

2i 

557 

18-1 

3 

660 

20*2 

3§ 

770 

21-75 

4 

880 

23*25 

4* 

1005 

24-75 

5 

1130 

26-25 

1 
1  i 

3 

3i 

4 

4§ 

5 


Quantity  of 
wattr  requi- 
site in  ale 
gallons, 
per  minute. 


Diameter  0t 

the  cylinder 

of  a  »teanv«tt< 

gine  to  do  the 

same  work, 

in  inches. 


267 
555 
447 
545 
645 
750 
858 
983 
1106 


12-5 
14ff 

16-75 

184 

£0-2 

2 1  -75 

23-25 

24-'75 

26-25 


The  wiiter-wheel,  31  feet 
diameter. 


Bolls  per 
hour. 


1 

l§ 

2 

2| 
3 

4 

4§ 
5 


Water,  gallons 
per  minute. 


Cylinder,  io 
inches. 


256 
340 
42C 
520 
620 
717 

827 
940 

1058 


12-5 

14-6 

16-75 

18'5 

20'3 

21-75 

23-25 

24-75 

26-25 


The  water-wheel,  32  feet  diameter. 


Bolls  of  corn  ground 

Quantity  of  water 

Diameter  of  the  cy- 

per hour. 

requisite  in  ale 

gal- 

linder  of  a  steam- 

Ions,  per  minute. 

engine  to  do  the  same 

work,  in  inches. 

1 

245 

12-5 

If 

325 

14-6 

2 

406 

16-75 

2* 

496 

18-5 

3 

588 

20-2 

3§ 

690 

21-75 

4 

791 

23*25 

4§ 

900 

24-75 

5 

1029 

26-35 

Flour^milL 


199 


To  make  the  foregoing  tables  applicable  to  mills  intended  to 
be  turned  by  undershot  or  breast  water-wheels :  from  Smeaton's 
experiments  it  appears,  that  the  powei  required  on  an  under- 
shot water-wheel,  to  produce  an  effect  equal  to  that  of  an  over- 
shot (to  which  the  tables  are  applicable),  is  as  2*4  to  1 ;  and  also 
the  power  required  on  a  breast  water-wheei»  which  receives  the 
water  on  some  point  of  its  circumference,  and  afterwards  de- 
scends on  the  ladle  boards,  tp  produce  au  equal  effect  with  an 
overshot  water-wheel,  is  as  1*75  to  1. 


A  TABLE,  shewing  the  necessary  size  of  the  cylinder  of  a 
common  steam  engine  to  grind  different  quantities  of  corn, 
from  I  to  12  bolls  (4f  to  48  bushels  fVincnester  measure)  per 
tour. 


BolU  of  corn  ground 

Diameter  of  the  cylinder. 

per  hour. 

in  inches. 

1 

12-3 

If 

14-6 

3 

1675 

2i    ' 

18-5 

3 

«0«8 

3i 

21-75 

4 

23-25 

4* 

24-75 

5 

.      2625 

51 

27-25 

6 

281 

6* 

29 

7 

298 

7i 

81' I 

8 

32 

8* 

33-3 

9 

342 

H 

352 

10 

36 

10} 

37-3 

38 

11§ 

38-85 

13 

39-5 

N.B.  This  table  will  be  applicable  to  any  improved  steam-engine,  as  well  as 
that  of  the  common  kind,  if  the  ratio  of  their  efficacies  is  known. 

Application  of  the  tables. 

Example  I. — If  a  stream  of  water,  producing  808  gallons 
ale  measure  per  minute,  can  be  applied  on  an  overshot  water- 
wheel  20  feet  diameter,  what  quantity  of  com  will  it  be  able  to 
grind  per  hour  f 
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Look  in  die  tables  under  a  20  feet  water^Mrheel,  and  oppo- 
site 808  gallons  will  be  found  2j  bolls  of  corn  ground  per 
hour. 

Example  II. — If  a  stream  of  water,  producing  808  gallons 
tile  measure  per  minute,  can  be  applied  to  an  undershot  water- 
wheel  20  feet  diameter,  what  quantity  of  corn  can  it  grind  per 
hour  i 

It  is  found  by  the  tables,  that,  if  applied  on  an  bvershot 
water-wheel  20  feet  diameter,  the  stream  will  grind  21  bolls 
per  hour;  and,  from  page  199,  the  power  required  by  the  un- 
dershot to  that  of  the  overshot  water-wheel,  to  produce  an  equal 
effect,  is  as  2*4  to  1 ;  therefore,  as  2*4  :  1  : :  2*5  :  1*04  bolls  of 
corn  ground  per  hour  by  means  of  the  stream. 

Example  III. — If  a  stream  of  water,  producing  808  gal- 
lons ale  measure  per  minute,  can  be  applied  on  a  breast  water- 
wheel  20  feet  diameter,  what  quantity  of  corn  can  it  grind  per 
hour? 

It  is  found  by  the  tables,  that,  if  applied  on  an  overshot 
nvater-wheel  of  equal  size,  2|  bolls  of  corn  will  be  ground  per 
hour ;  and,  from  page  1P9,  the  power  of  a  breast  water-wheel 
to  that  of  an  overshot  water-wheel,  to  produce  an  equal  effect^ 
is  as  1'75  to  1 ;  therefore,  as  1'75  :  1  :  :  2'5  :  1*42  bolls  of  corn 
grouud  per  hour  by  the  stream. 

Example  IV. — Of  what  diameter  must  the  cylinder  of  a 
common  steam-engine  be  made,  to  grind  10  bolls  of  com  per 
hour  ? ' 

By  looking  in  the  table,  page  199,  opposite  10  bolls  ground 
per  hour,  the  diameter  of  the  steam  cylinder  will  be  found  to  b^i 
'66  inches.  \ 

FLY,  is  a  name  given  to  a  certain  appendage  to  many  ma- 
chines, either  as  a  regulator  of  their  motions,  or  as  a  collector  of 
power.  When  used  as  a  regulator,  the  iBy  is  commonly  a  heavy 
disk  or  hoop  balanced  on  its  axis  of  motion,  and  at  right  angled 
to  it :  though  sometimes  a  regulating  fly  consists  of  vanes  or 
wings,  which  as  they  are  whirled  round  meet  with  considerable 
resistance  from  the  air,  and  thns  soon  prevent  any  acceleration 
in  the  motion :  but  this  kind  of  regulator  should  rarely,  if  ever, 
be  introduced  in  a  working  machine,  as  it  wastes  much  of  the 
moving  force.  When  the  fly  is  used  as  a  collector  of  power, 
it  is  frequently  seen  in  the  form  of  heavy  knobs  at  the  opposite 
ends  of  a  straight  bar ;  as  in  the  coining-press.  In  arts.  18.  •  23. 
of  the  introductory  part  of  this  volume  the  reader  will  find  se- 
veral remarks  on  the  nature  and  operation  of  the  different  kiadai 
of  flies  used  in  machines. 

FOOT-MILL,  is  a  mill  for  grinding  corn  or  any  other  sub* 
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stance,  moved  by  the  pressure  of  die  feet  of  men  or  animal  s.  In 
pome  foot-mills,  a  horse  or  an  ox  is  fixed  to  a  stall  upon  a  floor 
above  a  vertical  wheel ;  and  a  hole  is  made  in  the  floor  in  the 
place  where  the  hind  feet  of  the  animal  should  stand,  thus  ad- 
mitting those  feet  to  press  upon  the  rim  of  a  wheel,  and  cause 
die  wheel  to  turn  upon  its  axle,  and  give  motion  to  the  whole 
mill.  But  in  this  kind  of  machine  the  animal  will  be  obliged 
xrery  unnaturally  to  move  his  hind  feet  while  his  fore  feet  will  be 
at  rest :  and  further,  the  motive  force  being  applied  near  the 
vertex  of  the  wheel  will  act  but  with  little  advantage ;  and  the 
^ork  done  will  be  comparatively  trifling. 

A  much  more  judicious  construction  of  a  foot-mill  is  given 
in  G.  A.  Bockler*s  Theatrum  Machinarum,  published  at  Nu- 
remburgb,  in  1661.  This  mill  is  represented  inf  fig.  1.  pi.  XV'. 
A  is  an  inclined  wheel,  which  is  turned  by  the  weight  of  a  man, 
imd  die  impulsive  force  of  his  feet  while  he  supports  himself,  or 
occasionally  pushes  with  his  hands  at  the  horizontal  bar  h.  The 
face  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  at 
proper  distances,  to  keep  the  feet  of  the  man  from  slipping 
while  he  pushes  the  wheel  round ;  and  the  under  side  has  pro- 
jecting teeth  or  waves  which  catch  into  the  cogs  of  the  trundle 
B,  and  by  that  means  turn  th<»  horizontal  shaft  g  with  its  wheel 
c :  this  latter  wheel  turns  the  trundle  d,  the  axle  of  which  car- 
ries the  upper  millstone  e.  This  kind  of  footmili  will  answer 
extremely  well  to  grind  malt,  &c.  when  no  very  great  power  is 
i'equired.  The  advantages  and  disadvantages  of  the  inclined 
wheel  have  been  stated  under  the  article  Cuane,  when  describ- 
ing the  contrivance  of  Mr.  Whyte,  which  is  the  same  as  this  of 
Bockler's  with  respect  to  the  wheel. 

-'■FORCER,  TEMPOBARY,  for  a  pump,  is  a  contrivance  to 
produce  a  constant  stream.  A  very  simple  forcer  of  this  kind 
PM  been  devised  by  Mr.  R.  Trevithick :  it  consists  in  fixing  a 
barrel  with  a  solid  piston  along  the  side  of  the  common  pump, 
in  such  a  manner,  that  the  lower  space  of  the  additional  barrel 
Inay  communicate  with  the  space  between  the  two  valves  of  the 
pump;  and,  lastly,  by  connecting  the  rods  so  that  they  may 
work  together,  lliis  is  shewn  in  fig.  I.  plate  IX.;  and  the 
effect  is,  that  whfen  the  pistons  are  raised,  the  spaces  beneath,  a 
and  B,  become  filled  by  the  pressure  of  the  atmosphere,  at  the 
aame  time  that  the  upper  column  flows  out  at  e.  But  again, 
^en  the  pistons  descend,  the  valve  c  shuts,  and,  consequently^' 
die  water  driven  by  the  piston  in  b  must  ascend  through  a,  and 
continue  to  produce  an  equal  discharge  through  £  in  the  down 
iitroke.    (Nich,  Journ.  No.  7.  N.  S.) 

FOUNTAIN,  Hero's.  See  Hydraulic  machines, 
No.  6, 
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GIBBET,  or  JIB^  of  a  cran6,  the  projecting  beam,upoD  the 
extremity  of  which  is  fixed  a  pulley  for  the  rope  to  pass  over 
that  raises  the  weight :  it  is  represented  by  dbf,  in  fig.  S.  pi.  IX* 
Jibs  of  tlie  usual  construction  turn  on  two  solid  gudgeons.  The 
rope  by  which  the  goods  are  raised  passes  over  the  upper 
gudgeon,  and  is  confined  between  two  small  vertical  rollers,  in 
order  that  it  may  constantly  lead  fair  with  the  pulley  or  sheave 
at  the  extremity  of  the  jib.  According  to  this  construction, 
whenever  the  crane  turns  round  its  axis,  the  rope  is  bended  so 
as  to  form  an  angle  more  or  less  acute,  which  causes  a  great 
increase  of  friction,  and  produces  a  continual  effort  to  bring  the 
arm  of  the  jib  into  a  parallel  position  to  the  inner  part  of  the 
rope.  These  inconveniences  may  appear  to  be  trifling  on  paper,, 
but  in  actual  practice  they  are  of  no  small  importance,  for  they 
necessarily  imply  a  much  greater  exertion  of  power  in  raising 
goods,  and  the  application  of  a  constant  force  to  keep  the  jib 
in  the  position  that  may  be  requisite ;  while  the  partial  stress 
which  is  exerted  on  only  a  few  strands  of  the  rope,  when  bended 
into  an  acute  angle,  infallibly  destroys  it  in  a  very  short  time^ 

The  simple  construction  proposed  by  Mr.  J.  Bramah  obviates 
all  these  defects,  and  at  the  same  time  possesses  the  very  de- 
sirable property  of  permitting  the  jib  of  what  is  termed  a  camp- 
shut  or  landing  crane  wholly  to  revolve  round  its  axis,  and  to 
land  goods  at  any  point  of  the  circle  described  by  the  arm  of 
the  jib. 

It  consists  in  perforating  the  axis  or  pillar  of  the  crane,  and 
in  conducting  the  rope  through  this  perforation  by  means  of  an 
additional  pulley  fixed  on  the  top  of  the  arm  of  the  jib.  The 
rope  proceeds  from  the  goods  which  are  hoisted,  through  a  puUej 
fixed  as  usual  at  the  extremity  of  the  jib ;  it  then  passes  over  an- 
other pulley  fixed  at  the  opposite  extremity  of  the  jib,  and  is 
by  this  pulley  conducted  through  the  perforated  axis  or  pillaJi^ 
to  a  third  pulley ;  whence  it  is  immediately  directed  to  the  craniQ 
by  which  the  weight  is  elevated. 

It  i»  almost  unnecessary  to  state  that  the  lower  axis  is  usually 
fixed  in  an  oil  box,  and  that  friction  rollers  are  applied  to  the 
axis  wherever  the  circumstances  may  render  it  necessary. 

When  great  weights  are  to  be  raised,  as  large  stones  from  n 
quarry,  or  pieces  of  ordnance  from  a  ship  to  a  quay,  the  crane 
is  commonly  a  fixed  one,  and  only  the  gibbet  moveable,  from 
which  the  weight  hangs.  Here,  in  the  common  way  of  work- 
ing a  crane,  the  rope  of  which  runs  between  two  vertical  rollers^ 
there  is  often  much  danger  in  turning  the  gibbet  upon  its  axis. 
A  small  rope,  called  a  guide-rope,  is  fastened  to  the  weighty  or 
to  the  upper  part  of  the  gibbet  near  its  extremity,  which  a  mau 
pulls  to  bring  the  weight  over  the  place  where  it  is  to  be  lower? 
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ed.  Now,  in  performiog  this,  the  main  rope  not  continuing  f 
parallel  to  the  arm  of  the  gibbet,  gives  the  weight  a  tendency 
towards  that  side  to  which  if  deviates,  and  that  sometimes  so 
suddenly,  that  without  care  and  much  force  applied,  the  load 
will  swing  with  great  violence,  and  do  much  mischief.  To 
prevent  this,  Mr.  Ralph  Allen  of  Bath,  about  the  year  1798, 
recommended  the  following  method :  Upon  the  shaft  of  the 
gibbet  let  there  be  fixed  an  iron  wheel  with  several  teelh  or 
cogs,  to  be  carried  round  by  a  pinion  fixed  upon  a  horizontal 
axis,  such  axis  passing  through  the  wall  or  frame-work  behind 
the  shaft  of  the  gibbet,  and  having  at  its  further  extremity  a  ver- 
tical wheel  with  handles  projecting  from  the  rim  in  the  plane 
of  the  wheel.  A  man  standing  at  this  wheel  is  out  of  the  reach 
of  danger  from  the  load,  and  by  applying  a  small  portion  of  his 
strength  at  the  handles  of  the  wheel  he  can  easily  bring  the  gib- 
bet and  its  load  to  any  position  required,  and  retain  it  as  long 
as  necessary  in  that  position.  A  figure  representing  this  con- 
trivance is  given  in  the  Phil.  Trans.  No.  411.  and  iiLFerguson's 
Select  Lectures. 

GIMBALS,  a  contrivance  by  means  of  which  barometers, 
▼essels  of  oil,  mariner's  compasses,  &c.  may  be  suspended  so  as 
to  arrange  their  upper  parts  horizontally.  The  nature  of  this 
contrivance  will  be  at  once  understood  by  shewing  its  applica- 
tion to  a  mariner's  compass.  It  consists  of  a  hoop  or  ring 
supported  upon  two  pins  diametrically  opposite  each  other,  and 
issuing  from  the  external  surface  of  the  ring  in  such  a  direction 
that  both  lie  in  the  same  diametrical  line.  When  the  hoop  is 
suspendetl  on  these  pins  it  is  at  liberty  to  turn  freely  about  the 
diameter  of  which  they  constitute  the  prolongation.  The 
notches  or  holes  of  support  are  disposed  horizontally.  The 
compass-box  itself  is  placed  in  a  similar  ring  with  two  project- 
ing pivots;  and  these  pivots  are  inserted  in  holes  made  in  the 
former  ring  at  equal  distances  from  each  of  its  pivots.  If  there- 
fore the  whole  be  left  at  liberty,  the  compass-box  may  vibrate 
upon  the  diametral  line  of  the  outer  ring,  as  well  as  upon  a  line 
formed  by  its  own  pivots,  at  right  angles  to  that  diatnetral  line. 
The  consequence  of  this  arrangement  is,  that  the  centre  of  gra- 
vity of  the  compass-box  will  dispose  itself  immediately  beneath 
die  intersection  of  both  lines  on  which  it  is  at  liberty  to  move : 
/-—that  is  to  say,  if  the  weight  of  the  box  and  its  component 
-parts  be  properly  disposed,  the  compass  will  assume  a  position 
.m  which  the  upper  surface  shall  be  horizontal. 

GIN.     See  Crab. 

GLAZIER'S  VICE,  is  an  instrument  for  drawing  window 
lead*  See  fig.  S.  pi.  XII.  pg,  an,  are  two  axles  running  in 
Ifae  frame  kl,  wu.    jc,  d,  two  wheels  of  iron  case-hardetied,  1^ 
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inch  broady  and  of  the  thickness  of  a  pane  of  glass ;  these  nvfaeels 
are  fixed  to  the  axles^  and  run  very  near  one  another,  their  dis- 
tance not  exceeding  ^^^  of  an  inch :  across  their  edges  several 
nicks  are  cut,  the  better  to  draw  the  lead  through.  E,  f,  are 
two  pinions  each  of  twelve  leaves,  turning  one  another  and  going 
upon  the  ends  of  the  axles,  which  are  square,  being  kept  fast 
there  by  the  nuts  P,  Q,  which  are  screwed  fast  with  a  key.  A^B, 
are  two  cheeks  of  iron,  case-hardened,  and  fixed  on  each  side 
to  the  case  with  strews ;  these  are  cut  with  an  opening  where 
the  two  wheels  meet,  and  set  so  near  to  the  wheels  as  to  leave  a 
space  equal  to  the  thickness  of  the  lead;  so  that  between  the 
wheels  and  the  cheeks  there  is  left  a  hole  of  the  form  represented 
at  N,  which  is  the  shape  of  the  lead  when  cut  through.  The 
frame  klml  is  held  together  by  cross  bars  passing  through  the 
sides,  and  screwed  on:  and  a  cover  is  put  over  the  machme  to 
exclude  the  dust.  The  whole  is  screwed  down  fast  to  a  bench 
by  screw  nails  ll.  When  the  vice  is  used,  the  lead  to  be  drawn 
is  first  cast  in  moulds,  into  pieces  a  foot  long,  with  a  gutter  on 
each  side.  One  of  these  pieces  is  taken,  and  an  end  of  it  sharp*- 
ened  a  little  with  a  knife  ;  then,  being  put  into  the  hole  between 
the  wheels,  by  turning  the  handle  i  the  lead  is  drawn  through 
the  vice,  and  receives  the  form  designed. 

GOVERNOR,  a  contrivance  for  the  purpose  of  equalizing 
the  motion  of  mills  and  other  machinery. 

When  a  part  of  the  machinery  of  a  mill  is  suddenly  stopped^ 
or  suddenly  set  going,  and  the  moving  power  remains  the  sam^ 
an  alteration  in  the  velocity  of  the  mill  will  take  place ;  it  will 
move  faster  or  slower.  Every  machine  having  a  certain  velo- 
city at  which  it  will  work  at  greater  advantage  than  at  any 
other,  the  change  of  velocity  arising  from  the  above  cause,  is  in 
all  cases  a' disadvantage,  and  in  delicate  operations  exceedingly 
hurtful.  In  the  case  of  a  cotton-mill,  for  instance,  which  is 
calculated  to  move  the  spindles  at  a  certain  rate,  if  from  any 
cause  the  velocity  is  much  increased,  a  loss  of  work  immediately 
takes  place,  and  an  increase  of  waste  from  the  breaking  of  the 
threads,  &c. ;  on  tlie  other  hand,  there  must  be  an  evident  loss 
from  the  machinery  moving  too  slow. 

In  steam-engines  this  evil  is  remedied  by  a  contrivance  called 
a  governor.  (See  fig.  1.  pi.  XL.) — *^  Two  balls  are  fixed  to  the 
ends  of  rods,  in  continual  revolution,  and  as  soon  as  the  motion 
becomes  a  little  too  rapid,  the  balls  rise  considerably,''  and,  by 
the  intervention  of  a  lever,  act  upon  a  throttle-valve,  whicb  di- 
minishes the  quantity  of  steam  admitted,  and  of  course  serves 
to  make  the  motion  less  rapid. 

1.  The  steam-engine  governor. — ik,  fig.  1.  represents  a  spin- 
dle kept  in  motion  by  the  engine;  a,  b,  the  centrifugal  baBs^ 
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CAy  and  CB,  the  Vods  by  which  the  balls  are  suspended.    These 
rods  cross  one  another^  and  pass  through  the  middle  of  the 

S indie  at  c.  Hiere  is  a  round  pin^ut  through  the  spindle  and 
e  rods  at  c^  which  serves  as  the  point  of  suspension  for  the 
centrifugal  balls  or  revolving  pendulum.  There  is  a  part  of  the 
spindle  above  c,  which  is  square,  and  nicely  polished,  so  that 
the  piece  of  brass^  m,  may  slide  easily  up  and  down  upon  it. 
The  piece  of  brass  m  is  round  on  the  outside,  and  has  an  exter-« 
ml  groove  turned  upon  the  upper  end  of  it  to  receive  the  lever 
NOy  the  fulcrum  of  which  is  at  p.  This  piece  of  brass  is  con-» 
nected  with  the  balWods  by  two  short  pieces  and  joiuts  de,  fg. 

Tlie  construction  pf  steam-engine  governors  sometimes  differs 
a  little  from  that  now  described ;  but  if  this  particular  construe-^ 
tion  be  understood,  there  will  be  no  difficulty  in  comprehending 
any  other  in  use. 

Operation. — When  the  engine  goes  too  fast,  the  balls  fly  off 
from  the  spindle,  and  depress  the  end,  n,  of  the  lever,  which 
partly  shuts  the  throttle-valve,  and  thereby  diminishes  the  quan-^ 
tity  of  steam  admitted  into  the  cylinder;  and,  on  the  other 
hand,  when  the  engine  goes  too  slow,  the  balls  fall  down  to- 
ward the  spindle,  and  elevate  the  end  n,  of  the  lever,  which 
partly  opens  the  throttle-valve,  and  thereby  increases  the  quan- 
tity of  steam  admitted  into  the  cylinder.  The  theory  of  the 
conical  pendulum  is  given  in  art.  288,  vol.  L 

2.  In  a  wind-mill,  when  the  veloci^  is  increased  by  the  irrer- 
gular  action  of  the  wind,  the  corn  is  sometimes  forced  rapidly 
through  the  mill  without  being  sufficiently  ground.  There  is 
an  elegant  contrivance  for  preventing  this  (similar  to  the  gover- 
nor of  a  steam-engine),  but  which  was  much  earlier  in  use, 
called. in  some  parts  of  England  a  lift-tenter,  '^  By  means  of 
the  centrifugal  force  of  one  or  more  balls,  which  fly  out  as  soon 
as  the  velocity  is  augmented,  and  allow  a  lever  to  rise  with 
them,  and  cause  the  upper  millstone  to  descend  and  bring  it  a 
little  nearer  to  the  lower  one." 

This  machine  is  curious,  and  might  perhaps  in  other  cases  be 
usefully  applied.  We  shsdl,  therefore,  describe  two  construc- 
tions, but  both  on  the  same  principles. 

Lift-Tenters  for  Wini-Mills. — First  Construction.  This 
machine,  and  part  of  the  stone-spindle  and  framing  with  which 
it  is  connected,  are  represented  in  fi§.  3.  pi.  XL. 

To  the  stone*8pindle  there  are  fixed  four  arms  A)  A,  A,  a  ; 
theie  are  four  similar  arms  b,  b,b,  b,  flrmly  attached  to  the 
boUow  cylinder  c,  which  is  loose  on  the  spindle  fg. 

The  pendulums  d,  d,  d,  d,  are  hung  above^  to  the  arms 
A^  A,  A,  A,  and  through  holes  toward  their  lower  extremities 
paas  the  arms  of  the  loose  cylinder. 
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When  the  mill  is  at  rest,  the  |>enduliiiiis  hiing  vertically ;  bat^ 
by  their  centrifugal  force,  when  the  mill  is  in  motion  they  hang 
obliquely;  and  diat  obliquity  is  increased  in  proportion  to  die 
velocity,  and  proportionately  raises  the  loose  cylinder  c« 

'  This  cylinder  c  acts  on  the  one  end  of  the  lever  e,  which  has 
a  connexion  with  the  clove  upon  which  the  bridge  of  the  stone 
spindle  rests,  and  accordingly  raises  or  depresses  the  upper 
millstone  in  proportion  as  the  wind  is  weak  or  strong. 

Second  Construction.  Another  modification  of  the  same 
principle  (applied  above  the  mill-stonesy)  but  having  one  pen- 
dulum only,  is  represented  by  fig.  4.  and  will  be  easily  under* 
stood  from  what  has  been  said  respecting  the  first  construc- 
tion. 

3.  Governors  are  sometimes  applied  to  water-wheels,  atid 
made  on  various  constructions.  Smiths  bellows  have  been  ap* 
plied  to  that  use,  the  upper  board  rising  or  falling  in  propor- 
tion to  the  velocity  of  the  lower  board,  which  received  its  motiom 
from  the  mill.  But  we  shall  proceed  to  describe  a  construc- 
tion which  has  for  several  years  been  at  work  in  Cartside  cott<m- 
mill,  which  was  erected  under  the  direction  of  the  late  Robert 
Bums,  Esq. 

Water"  Wheel  Governor. — First  Construction.  The  principles 
of  this  kind  of  water-wheel  governor  are  nearly  the  same  as 
those  of  the  governor  of  a  steam-engine.  It  has  a  revolving 
.pendulum  which  receives  its  motion  from  the  mill,  and  in  pro- 
portion as  the  machinery  moves  faster  or  slower,  the  centrifugal 
force  acts  upon  the  governor  and  raises  or  depresses  an  iron  cross, 
which,  acting  on  a  lever,  reverses  the  motion  by  the  wheel 
work,  which  -operates  upon  a  sluice  so  as  to  enlarge  or  lessen 
the  passage  of  the  water  to  the  water-wheel ;  this  sluice  is  made 
on  the  principles  of  the  throttle-valve y  in  order  that  it  may  bfe 
moved  by  a  small  power.  So  long  as  the  machinery  is  moving 
at  a  proper  velocity,  this  wheel-work  of  the  sluice  apparatus 
remains  at  rest. 

Fig.  5.  represents  different  views  of  this  machine,  and  some 
of  its  parts  detached.  The  same  letter  in  all  the  figures  refers 
to  the  same  part. 

The  revolving  pendulum  efgh,  receives  its  motion  from  the 
mill-work  by  means  of  a  rope  giving  motion  to  a  pulley  i.  The 
upright  shaft  mn,  is  kept  in  constant  motion  by  the  wheel-work 
GPRS.  The  .wheel  n  acts  constantly  into  the  two  bevelled 
wheels  T  and  u,  and  makes  them  move  m  contrary  directions. 
They  are  loose  on  the  shaft  when  the  mill  is  going  at  its  proper 
speed.  -  / 

But  if  the  mill  moves  either  too  fast,  or  too  slow,  the  one  of 
,  these  wheels;  by  means.of  a  clutch  Q,  in  a  way  to  be  described, 
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is  connected  with,  and  carries  rounds  the  lying  shaft  dc,  and,  by 
a  pair  of  bevelled  wheels,  communicates  motion  to  the  oblique 
shaft  BW ;  which  again,  by  a  screw  x,  and  quadrant-wheel  y, 
moves  the  sluice  z,  and,  by  making  it  stand  more  or  less  ob- 
lique, alters  the  area  of  the  passage  for  the  water. 

From  inspecting  fig.  5.  No.  I.  it  will  l^e  evident  that  the  box 
Oy  will  be  raised,  or  depressed,  in  proportion  as  the  balls  e  and 
F,  of  the  revolving  pendulum  efgh,  are  further  or  nearer  to  the 
centre  of  motion;  when  the  velocity  is  greatest,  the  balls  E  and 
F,  by  their  centrifugal  force,  will  extend  themselves  furthest 
from  the  centre  of  motion,  and  raise  the  box  a.  See  also  fig. 
5.  No.  2.  No.  3.  and  No.  4. 

To  the  box  «,  is  fixed  a  cross  be.  There  is  a  forked  lever 
dqe,  the  fulcrum  of  which  is  at/,  and  which  turns  horizontally. 
This  forked  lever  has  four  prongs  1,  2,  3, 4. 

When  the  mill  is  at  its  proper  speed,  the  cross  works  within 
die  prongs  1  and  2 ;  in  this  situation  of  the  forked  lever,  the 
clutch  Q  is  disengaged  from  both  the  wheels  t  and  u,  and  thej 
move  on  their  bushes  without  carrying  round  the  lying  shaft. 
The  clutch  in  made  to  slide  on  a  part  of  the  shaft  which  is 
square. 

When  the  mill  goes  too  quick,  the  cross  gland  is  raised,  and, 
in  turning  round,  strikes  the  prong  3,  which  immediately  causes 
the  leVer  to  throw  the  clutch  inta  the  arms  of  the  wheel  u, 
which  then  carries  the  clutch  and  shaft  round  with  it,  and  by 
the  means  already  described,  acts  on  the  sluice,  and  by  lessen- 
ing the  quantity  of  water  falling  on  the  wheel,  diminishes  its 
speed. 

On  the  other  hand,  when  the  mill  goes  too  slow,  the  cross  ii 
depressed,  and,  striking  the  prong  4,  reverses  the  motion  of  the 
shafty  and  so  produces  a  contrary  efiect  on  the  sluice. 

It.  may  be  proper  to  remark,  that  the  train  of  wlieel- 
work  is  so  calculated  as  very  much  to  reduce  the  motion  at  the 
sluice,  and  it  is^  found  from  experience,  that  this  is  necessary. 
Were  the  area  of  the  aperture  too  suddenly  changed,  the  effect 
on  the  water-wheehwould  be  too  violent.  Every  time  the  mill 
is  stopped,  it  is  proper  to  lift  the  wheel  r  out  of  geaj'.  The 
centre  on  which  the  sluice  turns  should  be  one-third  of  its  height 
from  the  bottom,  in  order  that  the  pressure  of  the  water  above 
the  centre  may  balance  that  below. 

At  m  there  is  an  upright  shaft,  which  is  worked  by  hand  when 
required. 

fVater-whed  Governor, — Second  Caiistructioiu  Fig.  S,  re- 
presents a  sluice  regulator  as  executed  in  some  parts  of 
England.  It  differs  little  from  that  already  described,  only  that 
the  lying-shdft  a  B  receives  its  motion  immediately  from  the  mill. 
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instead  of  from  the  axle  of  the  revolving  pendulum^  as  in  the 
first  construction.  From  having  so  minutely  described  that 
construction,  the  attentive  reader  will  find  no  diflSculty  in  com- 
prehending fig.  6.  from  inspecting  the  plate. 

These  ingenious  contrivances,  with  the  illustrative  diagraiiis^ 
are  extracted  from  "  Buchanan's  Essays  on  Mill  Work/*  where 
other  constructions  for  like  purposes  may  be  seen. 

GRAVIMETER,  the  name  given  by  M.  Guyton  to  an  in- 
strument for  measuring  specific  gravities :  he  adopts  this  name 
rather  than  either  areometer  or  hydrometer,  because  these  latter 
terms  are  grounded  upon  the  supposition  that  the  liquid  is  al-* 
"ways  the  diing  weighed ;  whereas,  with  regard  to  solids,  the 
liquid  is  the  known  term  of  comparison  to  which  the  unknown 
weight  is  referred. 

Guyton's  gravimeter  is  executed  in  glass,  and  is  of  a  cylin- 
dric  form,  being  that  which  requires  the  smallest  quantity  of 
fluid,  and  is  on  that  account  preferable,  except  so  far  as  it  is 
necessary  to  deviate  for  the  security  of  a  vertical  position.  Like 
Nicholson's  Hydrometer  (art.  404.  vol.  I.)  it  carries  two  basins ; 
one  of  them  superior,  at  th^  extremity  of  a  thin  stem,  towards 
the  middle  of  which  the  fixed  point  of  immersion  is  marked* 
The  other,  or  lower  basin,  terminates  in  a  point ;  it  contains 
the  ballast,  and  is  attached  to  the  cylinder  by  two  branches* 
The  moveable  suspension  by  means  of  a  hook  has  the  incon^ 
Tenience  of  shortening  the  lever  which  is  to  secure  the  vertical 
position. 

The  cylinder  is  22  millimetres  (0'7I  inch)  in  diameter;  and 
21  centimetres  (6'85  inches)  in  length.  It  carries  in  the  upper 
basin  an  additional  constant  weight  of  5  grammes  (115  grains). 
These  dimensions  might  be  increased  so  as  to  render  it  capable  of 
receiving  a  much  more  considerable  weight;  but  this  is  unne- 
cessary. M.  Guyton  has  added  a  piece  which  he  calls  the 
plongeur,  because  in  fact  it  is  placed  in  the  lower  basin  when 
U3ed,  and  is  consequently  entirely  immersed  in  the  fluid.  It  is 
a  bulb  of  glass  loaded  with  a  sufficient  quantity  of  mercury,  in 
order  that  its  total  weight  may  be  equal  to  the  constant  addi^** 
tional  weight,  added  to  the  weight  of  the  volume  of  water  dis- 
placed by  this  piece.  It  will  be  readily  understood  that  the 
weight  being  determined  at  the  same  temperature  at  which  the 
instrument  was  originally  adjusted,  it  will  sink  to  the  same 
mark  on  the  stem,  whether  it  be  loaded  with  a  constant  ad- 
ditional weight  in  the  upper  basin,  or  whether  the  effect  of 
this  weight  be  produced  by  the  additional  piece  in  the  lower 
dish.  From  this  explanation  there  will  be  np  difficulty  in 
'  seeing  how  this  instrument  may  be  adapted  to  every  case  in 
practice. 
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It  may  iMft  used,  1.  for  solids.  It  differs  not  in  this  respect 
from  Nicholson's  hydrometer.  The  only  condition  will  be,  as 
in  his  instrument,  that  the  absolute  weight  of  the  body  to  be 
examined  shall  be  rather  less  than  the  constant  additional  weight, 
v^hich  in  this  instrument- is  5  grammes,  or  115  grains. 

2.  For  liquids  of  less  specific  gravity  than  water,  the  instru- 
inent,  without  the  additional  weight  above  mentioned,  weighs 
about  2  decagrammes  (459  grains)  in  the  dimensions  before  laid 
<lovnai.  It  would  be  easy  to  limit  its  weight  to  the  utmost  ac- 
curacy. We  have  therefore  the  range  of  one-fifth  of  buoyancy, 
and  consequently  the  means  of  ascertaining  all  the  intermediate 
<bnsities  from  water  to  the  most  highly  rectified  spirit  of  wine, 
which  is  known  to  bear  in  this  respect  the  ratio  of  8  to  10  with 
regard  to  water. 

S.  When  liquids  of  greater  specific  gravity  than  water  are  tb 
be  tried,  the  constant  weight  being  applied  beloyv,  by  means  of 
the  additional  piece,  which  weighs  about  €  grammes  (138  grains), 
^le  instrument  can  receive  in  the  upper  basin  more  than  4 
times  the  usual  additional  weight,  without  losing  the  equilibrium 
of  its  vertical  position.  In  this  state  it  is  capable  of  shewing 
the  specific  gravity  of  the  most  concentrated- acids. 

4.  It  possesses  another  property  common  to  Nicholson's  in- 
strument, nadnely,  that  it  may  be  used  as  a  balance  to  determine 
the  absolute  weight  of  such  bodies  as  do  not  exceed  its  addi- 
tional load. 

5.  Lastly,  the  purity  of  the  water  being  known,  it  will  indi- 
cate the  degrees  of  rarefaction  and  condensation  in  proportion 
to  its  own  bulk. 

This  instrument  may  be  readily  constructed  by  any  workman 
in  glass.  The  additional  piece  for  the  lower  basin  will  require 
some  attention  to  make  it  perfectly  agree  with  the  constaift 
upper  weight,  as  to  the  immersion  of  the  instrument.  But  this 
object  may,  by  careful  adjustment,  be  ascertained  with  the  ut- 
most certainty  and  accuracy.  The  bulb  of  glass  is  for  this  pur- 
pose drawn  out  to  a  fine  point,  a  sufficient  quantity  of  mercury 
.is  then  introduced  to  sink  it,  and  the  aperture  closed  with  a  little 
piece  of  wax.  The  bulb  being  then  placed  in  the  lower  basin 
of  the  instrument,  the  upper  basin  is  to  be  loaded  until  the  mark 
on  the  stem  becomes  accurately  coincident  with  the  surface  of 
the  water. .  The  sum  of  the  weights  added  above  is  precisely 
equal  to  that  of  the  quantity  of  mercury  necessary  to  be  added 
to  that  in  the  glass  bulb ;  which  done,  nothing  more  is  needed 
than  to  seal  the  point  by  fusion,  taking  care  not  to  change  its 
bulk.     ' 

The  whole  is  rendered  portable  by  means  of  a  case  in  which 
all  the  delicate  parts  are  secured  from  pressure,  and  the  heavier 

VOL.11.  p 
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jmrts  9ppp.Q^4  m  Budi  ^  mapner  ^  to  r^nst  the  ei;^ci9iei  of  nsQ^on 
t^ey  %re  c^p^ble  of  acquiring  jby  virtju^  of  tbeir  miw*  llii>  last 
ci^cmnpt^^fifie  is  frequently  ov^loo)ce4  by.^ch  >iror]iuDien  g9  arp 
«mp]ioyed  in  the  pa^ka^e  .of  ipstruqientf ;  whence  it  mBceswrUy 
follows^  that  $ome  strain  pr  frjiiptiire  n^fi^t  be  pf Ojdiic^  viY^en 
fs^^tefs  of  if^ry  ii^nequ^  4^Pfiity  ar^  e2^pos^4  tp  receive  ^  com- 
;9iofi  inipul/se. 

To  find  t^  specific  gr^vilty  of  apy  9o]i!^  by  th^  gra^u^eter, 
observe  this  r^Ie :  ^^  Fr^jn  the  wiej^t  ip  the  upper  dish,  wbeP 
the  i93tri4me]jit  is  prppi&rly  immersed  in  the  ui>)£now9  flqid,  ta)ce 
t^e  w^^gbt  yfhich  is  placed  witb  th^  }^y  i°  the  same  ^cale  ^ 
djb^  like  a^JMstment.  Tbie  reqoainder  is  tlie  absolute  weight  ^ 
th§  s^lid.  JVlMJitiply  tfa^s  by  the  specific  gravity  of  the  fluifi,  ^vd 
reserve  the  product.  From  the  additional  weigbt  ^h^^  th^ 
body  i^  placed  ip  the  Ipw^er  basin^  take  the  w^bt  whei)  it  5^as 
placed  ifk  the  upp^.  The  remainder  wUl  be  the  lo^s  of  ipraigbt 
%y  iinfi^r9iQn.  Pivij^e  the  reserved  product  by  the  }P9^  hy  im- 
^aj^nipn,  ap4  the  ci^ot^nt  wi}J[  }}e  the  *peQfie  gravity  of  the  soli* 
Urith  r^s^d  tp  di^itiUed  water  at  the  ^tf^nfl^a  teo^pf rat)i|»  mi|d 
pressure/' 

To  find  the  sp^ciQp  gravity  pf  a  fluid  proceed  thus:  ^'  Tojfcbe 
ivei^t  pf  the  gravimeter  ad4  the  weight  required  in  tb^  upper 
jbai^iji  to  ^ink  it  ip  the  unknowa  fluid*  4g^#  to  the  v^eigbt  of 
the  grayimeter  add  the  weight  required  ip  t^e  same  n^fuiiier  to 
sink  it  in  distilled  water.  Divide  the  first  sum  by  the  latter, 
and  (die  quotient  will  be  the  specifip  gravity  of  the  fluid  in 
Qlieistipp." 

For  figures  of  the  gravimeter,  see  Annates  de  ChimU.,  %ov^ 
2\j  or.  Nicholson's  Journal,  vol.  {.  4to. 

pUDGEONS,  in  machinery,  havipg  all  the  weight  on  ^e 
shaft  to  sjiippprt,  ought  to  be  made  sufficieatly  strong  for  that 
p^rpose ;  whilei  to  avoid  unnecessary  friction,  they  sboutd  be 
made  as  small  in  diameter  as  ppasiblei  consistently  with  the  re- 
quisite strength  apd  durability. 

Wrought  irpp  being  stronger  than  cast  iron  in  about  the  ratio 
pf  7  to  5,  will  bear  a  greater  weight;  yet,  cast  iron  being 
cheaper,  apd  qiore  easily  shapedi  i$  piore  frequeptly  empFpyed 
fprgudgeopf. 

Mr*  Buchanan,  whp  ha^  paid  considerable  attention  to  ^ia 
subject,  gives  these  rifles  for  the  gudgeons  of  water-wheela* 

X.  The  cube-rpot  of  tl^e  v^eight  of  a  water*^heel  in  hun^T^ 
^^ighfSy  is  nearly  eq^al  to  the  diameter  in  inches^  of  a  casf-irQti 
gudgeon  sufficiently  strong  to  support  quqh  v^heel. 

2.  For  wooden  water-wheels,  multiply  the  diameter  inf^ 
by  the  width  ^^o  in  feet ^  \o  which  a^4  the  square  pf  Mf  the 


Gudgeons.  f211 

diametejr  r  tfi^  cube  r6ot  oF  the  sum  will  be  nearly  equal  to  the 
diameter  of  the  gudgeon  in  inches, 

Tlese^  of  course,  must  be  regarded  as  approximatious. 

Mr.  Buchanan  has  inferred  from  several  experiments,  that 
^  gudgeons  of  the  same  size,  of  cast  and  of  wrought  iron,  are 
capable,  at  a  medium,  of  sustaining  weights  ivithout  flexure^  in 
the  proportion  of  9  to  14." 

Upon  this  principle  Mr.  B.  computed  the  following  table, 
to  show  the  proportionate  diameters  of  cast-iron  and  wrought- 
iron  gudgeons. 

Explanation  of  the  table  of  cast-iron  and  torought^ron 
guJ^eom. 

Column  I  and  2  are  the  same  as  those  in  the  table  of  cast- 
iftm  gudgeons. 

Colnmn  3  contains  nui&bers  in  the  proportion  of  9  to  14  less 
tban^ose  in  column  2. 

Column  4  contains  the  cube  root  of  column  3,  or  the  dia- 
meters of  wrought-iron  gudgeons,  having  the  same  strength  as 
diose  of  cast-iron  in  column  1 . 

USE   OF   THE  TABLE. 

Example, 

To  find  the  diameter  of  a  wrought-iron  gudgeon  of  the  same 
Jtr^igth  with  one  of  cast-iron  of  3  inches  diameter.  Look  on 
the  Isf  column  for  3,  and  on  the  same  line  in  the  4th  column 
will  be  found  2'571282,  that  is,  a  little  more  than  2 J  inches, 
the  diameter  required  of  the  wrought-iron  gudgeon. 

The  numbers  in  the  3d  column,  being  the  cube  of  those  in 
Ae  4th,  another  use  may  be  made  of  this  part  of  the  table. 
tor,  supposing  the  4th  column  to  represent  cast-iron  gudgeons, 
the  Sd  column  will  represent  the  hundred  weights  which  cast- 
iifoli  gudgeons  of  those  diameters  should  sustain. 
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Table  of  Cast  and  Wrought-Iron  Gudgeons.          .  S 

I 

2 

3 

4 

Diameter  of 

Cube  of  diameter  of  cast-  1 

JCiiameter  of 

cast-iron     iron  gudgeon^^  or  the  cwts. 

Cube  of  diameter  of 

wix>ught-iron 

gudgeons  in  which  the  gudgeons  may    \ 

Krrought-iron  gudgeons. 

gudgeons  in  in- 

inches,     s 

lOstaio. 

/ 

ches  and  parts. 

1- 

1- 

•6428571 

•863054  • 

i'25 

1-953125 

1-2555803 

1-063340 

V5 

3-375 

2-1696427 

1-259921" 

1-75 

5-359375 

3-4453 1 25 

1-514825 

2- 

8- 

51428571 

1  -709976 

2-25 

11-4006  25 

7'328973'i 

1-912933 

2-5 

15-625 

10-0446428 

2154435 

275 

20-796875 

13-3694196 

2-351335    , 

3- 

27- 

17-3571428 

2-57 1 282 

3-25 

34-328125 

22-0670S03 

2-802039 

3-5 

42-875 

27-5625 

3018294 

3-75 

52*734375 

33-9006696 

3  239612 

4- 

64- 

41-1428571 

3-448217- 

4*2 

76-765625 

49-3493303 

3-659306 

4-5 

91-125 

58*5803571 

3-881936 

4-7 

107-171875 

68-896 

4-101566 

5- 

125- 

80-357 

4-308870 

5-25 

144-763125 

93-023 

4-530655 

5-5 

166-375 

106-955 

4-747459' 

5-75 

190-109375 

122-213 

4-959675 

6- 

216- 

138-857 

5- 180101 

6-25 

244-140625 

156-948 

5-394690 

6-5 

274-625 

176-545 

5-609376 

6-75 

307-546875 

197-709 

5-828476 

7- 

343- 

220-500 

6-041377 

7-25 

381-078125 

244-979 

6*257324 

7-5 

421-875 

271-205 

6-471274 

7-75 

465-484375 

299-240 

6-686882 

8- 

512- 

329  143 

6-903436 

8-25 

561-515625 

360-975 

7-120367 

8-5 

614125 

394-795 

7-337234 

8-75 

669-921875 

430-664 

7-553688 

9- 

729- 

468-643 

7-769462 

9.25 

791-453125 

508-791 

7-984344 

9-5 

875-375 

562-741 

8-257263 

9-75 

926-859375 

595-837 

8-415541 

10- 

1000* 

642-857 

8-631103 

10-25 

1076-890625 

692-287 

8-845085 

10-5 

1157-625 

744-187 

9-061309 

10-75 

1242*296875 

798-619 

9-279308 

11' 

1331- 

855-643 

9-493599 

{Buchanan  on  the  Shafts  of  Mills.) 
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•  HANDMILLS,  arc  commonly  used  for  some  <;iilinary  pur- 
posesy  as  the  grinding  of  coffee,  pepper,  and  the  like.     Some- 
times handmilU  of  larger  size  are  used  to  grind  malt,  wheat, 
&c.  and  in  such  cases  the  band  is  generally  applied  to  a  winch 
liandle.    But  in  Bockler^s  Theatrum  Machinarum  there  is  a  de- 
Bcription  of  a  mill,  in  which  the  effort  of  a  man  is  applied  to  a 
lever  moving  to  and  fro  horizontally,  nearly  as  in  the  action  of 
rowing  :  as  this  is  a  very  advantageous  method  of  applying 
human  strength,  the  effort  being  greatly  assisted  by  the  heaviness 
of  the  man  in  leaning  back,  we  shall  give  a  brief  description  of 
this  kind  of  mill,  which  is  represented  in  fig.  4.  pi.  XII.     The 
iKertical  shaft  eg  carries  a  toothed  wheel  c,  and  a  solid  wheel  f  ; 
the  latter  being  intended  to  operate  as  a  regulating  fly.     Upon 
the  crank  ab  hangs  one  end  of  an  iron  bar  i,  the  other  end  of 
which  hangs  upon  the  lever  hk  ;  the  motion  being  pretty  free 
at  both  ends  of  this  bar  i.     One  end  of  the  lever  hk  hangs 
upon  the  fixed  hook  k,  about  which  as  a  centre  of  motion  it 
turns.     Then,  while  a  man,  by  pulling  at  the  lever  hk,  moves 
the  extremity  h  from  h  to  n,  the  bar  i  acting  upon  the  crank 
AB  gives  to  the  wheels  c  and  f  half  a  rotation;  and  the  mo- 
mentum they  have  acquired  will  carry  them  on,  the  man  at  the 
lever  suffering  it  to  turn  back  from  n  to  h,  while  the  other  half 
of  the  rotation  of  the  wheels  is  completed.    In  like  manner  an- 
other sufficient  pull  at  the  lever  hk  gives  another  rotation  to  the 
wheel  c,  and  so  on,  at  pleasure.     The  wheel  c  turns  by  its 
teeth'  the  trundle  d,  the  spindle  of  which  carries  the  upper 
mill-stone,  just  as  the  spindle  d  carries  round  the  upper  stone 
in  fig.  1 .  pi.  XV. 

In  this  mill  tlie  nearer  the  end  of  the  bar  i  upon  the  lever 
liK  is  to  the  fixed  hook  k,  the  easier,  aeteris  paribus,  will  the 
man  work  the  mill.  If  the  number  of  teeth  in  the  wheel  c  be 
6  times  the  number  of  cogs  in  the  trundle  d,  then  the  la- 
bourer by  making  10  pulls  at  the  lever  M  in  a  minute  will  give 
60  revolutions  to  the  upper  mill-stone  in  the  same  space  of 
time. 

TTie  Society  of  Arts  have  lately  adjudged  a  silver  medal  to 
TVIr.  Gamett  Terry,  of  City  Road,  Finsbury-3quare,  for  his  in- 
dention of  a  mill  to  grind  hard  substances,  by  means  of  a  wheel 
turning  upon  a  horizontal  axis  instead  of  a  vertical  one,  as  in  the 
common  construction.  Mr.  Terry  has  constructed  this  mill  on 
JSL  large  scale ;  there  is  also  a  model  deposited  in  the  collection 
of  that  society. 

Plate  VIII.  fig.  4.  A.  The  hopper  Or  receptacle  of  the  ar- 
ticles which  are  intended  to  be  ground. 

B.  A  spiral  wire,  in  the  form  of  a  reversed  cone^  to  regulate 
thejdeUvery  of  them.    . 
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(f.  iVa  incUned  irw  phte,  bmg  itpoo  «  pin  on  itsU^r  end : 
the  lower  end  rests  on  the  grooved  axis  i>,  [and  agitates  th^ 
wire  B. 

9.  The  grooved  axi^,  or  grinding  c^Iinder^  which  acts  against 
the  channelled  iron  plate  b. 

F.  A  screw  o|i  the  side  of  the  miU^  by  means  of  whicli  the 
iron  plate  9  is  brought  nearer  to  or  removed  fiirther  from  the 
sms  P9  according  as  the  article  is  wanted  £uQer  or  coar ser^ 

q.  The  handle  by  which  niQtiion  is  given  to  the  axis. 

H.  The  tube  from  whence  the  articles,  when  ground^  are  re- 
ceived. 

».^«  The  front  of  Ihe  null  is  taken  off,  in  order  to  shew  its 
interior  construction. 

HEARTrWH^l^L  is  the  nanie  given  in  England  to  a  wett 
known  method  of  convertii^  a,  circuitous  motion  into  Mk  alter^r 
ifi9^in^  rectilinear  ope,  which  is  common  in  cotton-mills.  Jt  is. 
8^1  elhpse  turned  either  on  an  a:Kle,  or  by  means  of  a  winch  and 
l^^dl^  on  one  ol  its  foc^  or  its  centre^  on  whose  edge  a  monre^ 
s^bl^  poiqt  or  circle  presses ;  the  latter  receives  an  atematii^ 
nation  ff  ooB^  the  circumference  of  die  elbpse,  and  presses  it  in 
its  revolution  to  different  distances  fcom  liie  centi^  of  naotion. 
^is  method  was  cot^trivod,  we  believe,  by  Sir  Samuel  Morland, 
about  the  yea^  1^85.  The  practical  disadvantages  of  this  cone 
tmaAce  s^:e  thie  inequality  of  pressure  and  of  moving  force  whibb 
will  be  required  at  <Ufierent  parts  of  the  rotation  of  tiie  ellipse, 
l^ul  the  conseqjuent  wearing  of  some  parts  of  it  muck  faster  than 
others,  which  wil)  vender  it  frequently  necessary  to  have  aeTii 
elliptical  wheels.  A  late  application  of  the  heart-wheel  has 
been  already  n^ntioni^d,  unjder  the  word  Coining. 

liOOKE'S  JOINTS,  or,  as  they  are  often  called,  ummrsal 
joints,  liia,ve  be^^  descrabed  in  the  introductory/  part  of  l^is.vo- 
bjune. 

HUNTER'S  90unL.9  SCBSW,  was  described  in  art.  l^I. 
vol.  t. 

HYDRAULIC  machines,  are  structures  contrived  far  tiie 
purpose  either  of  conyeymg  w^jter  from  one  situation  to  an- 
other, particularly  from  a  lower  tf>  a  higher ;  or,  by  means  of 
tjk^  £or.ce  or  pi:^^ure  of  water,  to.  perform  some  mechanical 
operation,  as  grti^ding,.  bpcing^  sawing.  The  focmec  kind  of 
hydraulic;  engines  will;  only  be  spoken,  of  here ;  the  latter  being 
^esqrib^d»  under  thc^.  various  heads-  JEhovR-^u^L,  Flajs:-.msjl&, 
Saw-mill,  &c. 

.1.  Of  all  the  ma$:hi^s  tJie  ancients,  invented  to  caise  water,  it 
appears  that  though  Ai^QhiuKsdesfa  screw  (see  ArcMmed)e£s 
s^cRfiw  in^  this  VQlnia6^X^'«^-  ^^  v(k{^^  curipus,  the  tympanum, 
mentioned  by  Vitruvius,  elevated  the  greatest  quaotitg^  at  onoi^: 


Hifdra&ho  JBrtgUies.  S 1 5 

>  brief  description  of^dus  may  suffice,  as  prtfpareUny  t^the  ac- 
eoiiiiit  of  a  ftacbhie  made  in  imitation  of  it^  but  more  ingenious 
and  more  perfect. 

The  tympanum  id  a  great  hollow^wheel^  forming  a  kind  of 
barrel  or  drum  (as  its  name  imports) ,  composed  of  several  planks 
joined  togedier,  well  calked  and  pitched,  and  having  a  horizontal 
axle  on  which  it  turns:  thef  interior  ofwthis  drum  Is  divided 
iiita  8  equal  spaces  by  as  many  partitions  placed  in  the  direc- 
tions of  the  radii ;  each  spa^e  or  cell  has'  an  orifice  of  about  half 
a  foot  in  the  rim  of  the  drum  oi^  wheel,  so  shaped  as  to  facilitate 
the  admission  of  the  water :  moreover,  there  are  8  hollow  chao- 
nels  running  contiguoui^  to  each  other  and  parallel  to  the  axle  of 
the  wbeel,  each  corresponding  to  one  of  the  8  large  cells;  into 
these  channels  the  water  passes  out  of  the  cells  just  mentioned, 
fnig  after  r unhing  aloi^g  the  channels  to  a  convenient  distartce, 
it  escapes  dirough  orifices  into  a  reservoir  placed  just  undter  the 
9flcfe»     TUus  tbe  water  is  elevated  through  ^  vertical  space  equal 
to  the  radius  of  the  hollow  wheel.     When  the  tympanum  is 
used  to  rais^  wafter  from  a  running  stream,  it  is  moved  by  means 
of  flbat  boards  wMch  are  impelled  by  the  stream^:  but  when  it 
is  emvtoyed  to  raise  stagnant  water,  thei'e  i^  coinnVonly  a  smaller 
v^beei  OB  the  saime  sha^,  which  is  tukned  by  men  walking  in  if, 
as  in  the  old  walking  crane.     The  chief  defect  of  this  machine  is 
^feitit  raises  tB&\(^ater  in  the  mOst  disadvantageous  situation  pos- 
ttUe :  for  the  load  being  found  aflwlys  toward  the  extremity  of 
af  radiua  of  the  wheel,  the  arm  of  the  effective  lever  which  an- 
swers to  it  increases  thi^ugh  the  whole  quadraiit  the  water 
describes  in  passing  from  the  bottom  of  the  wheel  to  the  alti* 
tiide  of  its  centre ;  so  that  the  power  must  act  in  like  manner  as 
if  it  werie  applied  at  a  winch  handle,  and' cannot,  ther^ore,  act 
toiformly« 

it.  To  remedy  thii^  defect  M.  de  la  Faye  devised  a  machine 
which  ilnay  here  be  described)  together  witbthe  process  of  Fe»» 
solMng  that  led  to  it. 

When  we  develope  the  circiAnference  of  a  circle,  a  cui^re  ii 
d^cribed  (ii  e.^the  involute)  of  which  all  the  rtidli  ai^  so- many 
taiigenta  to  tlie  circle,  and  are  Kkewis^  dl  respectively  perpenr 
dicular  to  the  several  points  of  the  curve  described,  which  has 
fei'  its- greatest  radiub  a- line  eqiial  to  the  pferiphery  of  the  cirtle 
evolved;  The  truth  of  which  is  shewn  by  geometricians*  wheft 
treating  of  the  genesis  of  evoltite  and  involute  curves. 

Hence,  having  an  axle  whose  circumference  a  little  exceeds 
the  height  which  the  water  is  proposed  to  be  elevated,  let  the 
circumference  of  the  axle  be  evolved,  aiid  make  a  curved  canal 
irfftose  curvatulre  shall  coincide  tliik)ughout  exactly  wiih  that  of 
1}tt  involute  just  formed:  if  the  fiirthei^  eitremitf  of  tlua  canal 
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4)e  made  to  enter  the  water  that  is  to  be  elevated,  and  the  other 
extremity  abut  upon  the  shaft  which  is  turned;  then  io  the 
course  of  the  rotation  the  water  will  rise  in  a  vertical  direction, 
tangential  to  the  shaft,  and  perpendicular  to  the  canal  in  what- 
♦ever  position  it  may  be.  Thus  the  action  of^the  weight  an- 
swering always  to  the  extremity  of  a  horizontal  radius  will  b^ 
•as  though  it  acted  upon  the  invariable  arm  of  a  lever,  and  the 
power  which  raises  the  weight  will  be  always  the  same :  and  if 
the  radius  of  the  wheel,  of  which  this  hollow  canal  serves  as  sE 
bent  spoke,  is  equal  to  the  height  that  the  water  is  to  be  raised, 
and  consequently  equal  to  the  circumference  of  the  axle  or 
^haft^  the  power  will  be  to  the  load  of  water  reciprocally  as  the 
radius  of  a  circle  to  its  circumference,  or  directly  as  1  to  6^ 
nearly. 

.  In  M,  de  la  J^tfye's  opinion,  the  machine  ought  to  be  com- 
posed of  four  of  these  canals :  but  it  has  often  been  constructed 
with  8,  as  represented  in  fig.  1.  pi.  XIX.  The  wheel  being 
turned  by  the  impulsion  of  the  stream  upon  the  Boat-boards,  the 
orifices  f,  e,  d,  c,  8cc.  of  the  curvilinear  canals,  dip  one  after 
^another  into  the  water  which  runs  into  them ;  and  as^the  wheel 
revolves  the  fluid  rises  in  the  canals^,  €,  d,  c,  &.C.  and  runs  out 
.in  a  stream  v  from  the  holes  at  o ;  it  is  received  into  the  trough 
Q,  and  conveyed  from  thence  by  pipes. 

By  this  construction  the  weight  to  be  raised  offers  always  the 
>same  resistance,  and  that  the  least  possible,  while  the  power  is 
-applied  in  the  most  advantageous  manner  the  circumstances  will 
admit  of :  these  conditions  both  fulfilled  at  the  same  time  fur- 
nish the  most  desirable  perfection  in  a  machine.  Further,  this 
machine  raises  the  water  by  the  shortest  way,  namely,  the  per- 
pendicular, or.  vertical ;  in  this  respect  being  preferableto  Ar- 
chimedes's  screw,  where  the  water  is  carried  up  an  inclined 
path :  and  besides  this,  each  curved  channel  in  this  wheel 
empties  all  the  water  il  receives  in  every  revolution,  while  the 
screw  of  Archimedes  delivers  only  a  small  portion  of  the  fluid  it 
is  charged  with,  being  often  loaded  with  20  times  as  much 
"water  as  is  discharged  in  one  rotation ;  and  thus  requiring  an 
enormous  increase  of  labour  when  a  large  quantity  is  intended 
to  be  raised  by  it. 

The  nature  and  advantages  of  this  wheel  evince  very  forcibly 
how  far  the  speculations  of  geometers  are  from  being  so  un- 
fruitful in  useful  applications,  as  is  often  insinuated  by  practical 
men. 

3.  The  wheel  just  described  would  we  think  be  the  most  per- 
fect of  any  that  could  be  employed  for  raising  water,  had  it  not 
the  disadvantage  attending  the  tympanum,  which  is,  that  it  can 
only  raise  v^ater  to  the  height  of  its  semidiameter.  As  in  many 
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esses  \vdter  is  to  be  raised  higher  than  the  radius  of  any  wheel 
can  well  be  made  for  practice,  we  shall  next  describe  a  machine 
called  the  Noriuy  common  in  Spain,  which  raises  water  nearly^ 
through  a  diameter.  This  Noria  consists  of  a  vertical  wheel  of 
20  feet  diameter,  on  the  circumference  of  which  are  fixed  a 
number  of  little  boxes  or  square  buckets,  for  the  purpose  of 
raising  the  water  out  of  the  well,  com.municating  with  the  canal 
below,  and  to  empty  it  in  a  reservoir  above,  placed  by  the  side 
of  the  wheel.  The  buckets  have  a  lateral  orifice,  to  receive  and 
to  discharge  the  water.  The  axis  of  this  wheel  is  embraced  by 
four  small  beams,  crossing  each  other  at  right  angles,  tapering 
at  the  extremities,  and  forming  eight  little  arms.  This  wheel  is 
near  the  centre  of  the  horse-walk,  contiguous  to  the  vertical  axis, 
into  the  top  of  which  the  horse-beam  is  fixed ;  but  near  the  bot- 
tom it  is  embraced  by  four  little  beams,  forming  eight  arms, 
similar  to  those  above  described,  on  the  axis  of  the  water-wheel. 
As  the  mule  which  they  use  goes  round,  these  horizontal  arms^ 
supplying  the  place  of  cogs,  take  hold,  each  in  succession,  of 
those  arms  which  are  fixed  on  the  axis  of  the  water-wheel^  and 
keep  it  in  rotation. 

This  machine,  than  which  nothing  can  be  cheaper,  throws  up 
»  great  quantity  of  water ;  yet  undoubtedly  it  has  two  defects  ; 
the  first  is,  that  part  of  theVater  runs  out  of  the  buckets  and 
falls  back  into  the  well  after  it  has  been  raised  nearly  to  the 
level  of  the  reservoir :  the  second  is,  that  a  considerable  pro- 
portion of  the  water  to  be  discharged  is  raised  higher  than  tlie 
reservoir,  and  falls  into  it  only  at  the  moment  when  the  bucket 
is  at  the  highest  point  of  the  circle,  and  ready  to  descend. 
These  inconveniences  are  both  remedied  by  the  contrivance 
mentioned  in  the  next  paragraph. 

4.  The  Persian  wheel  is  a  name  given  to  a  machine  for  rais- 
ing water,  which  may  be  turned  by  means  of  a  stream  ab  acting 
upon  the  wheel  c  d  e  according  to  the  order  of  the  letters ;  (fig. 
1.  pi.  XIX.)  The  buckets  a,  a,  a,  a,  &c.  instead  of  being 
firmly  fastened,  are  hung  upon  the  wheel  by  strong  pins,  6,  6, 
b,  b,  &c.  fixed  in  the  side  of  the  rim ;  which  must  be  made  as 
high  as  the  water  is  intended  to  be  raised  above  the  level  of  that 
part  of  the  stream  in  which  the  wheel  is  placed.  As  the  wheel 
turns,  the  buckets  on  the  right  hand  go  down  into  the  water, 
where  they  are  filled,  and  return  up  full  on  the  left  hand,  till 
they  come  to  the  top  at  k  ;  where  they  strike  against  the  end  n 
of  the  fixed  trough  m,  by  which  they  are  overset,  and  so  empty 
the  water  into  the  trough ;  from  whence  it  is  to  be  conveyed  in 
pipes  to  any  place  it  is  intended  for ;  and  as  each  bucket  gets 
over  the  trough,  it  falls  into  a  perpendicular  position  again,  an4 
so  goes  down  empty  till  it  comes  to  the  water  at  a,  where  it  in 
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£%d  a^  hefott.  Oft  each  bucket  i$  a  sptmg  t,  which  goitig 
<rrer  the  top  or  crown  of  the  bar  rn  (fixed  to  the  trotfgh  m)  f  ai»e^ 
the  bottom  of  the  bucket  above  the  level  of  its  mouthy  and  aa 
causes  it  to  empty  all  its  water  jnto  the  trough. 

To  determine  the  due  relarion  of  the  power  and  the  vfreigbt  so 
that  this  wheel  may  be  capable  of  prodticitfg  the  greatest  effect, 
tihe  foHowing  rtay  be  taken  as*  a  good  approximation^.  After 
having  fixed  the  diameter  of  the  wlieef,  ^  hich  must  b^e  some- 
thing greater  than  the  altitude  to  which  the  water  is  to  fafe 
raised ;  fi^t  also  upon  an  even  ntrtirber  of  buckets  ta  be  hung  dit 
#qnal  chstMces  round  the  periphery  of  the  wheel,  ahd  mark  the 
position  of  their  centres  of  motion  in:  such  a  mranner  that  they 
wffl  stand  in  corresponding  positions  in  eveiy  quarter  of  the 
circle:  conceive  vertical  fines  drawn  through  the  centre  of 
ttotioir  o€  eatch  backet  in  the  rising  part  of  the  wiieel ;  &ey 
vrtH  intersect  the  horizontal  diameter  of  the  wheel  itk  poin1»  at 
which  if  the  buckets  were  hung  they  would  furnish  &e  same 
resistance  to  the  moving  force  a^  they  do  when  hanging  at  Ibeif 
respective  places  art  the  rim  of  the  wheel.  Thus,  supposing 
there  were  18  equidistant  buckets ;  then  while  S  hung  on  each 
^Ide  a  irertical  diameter  of  the  wheel  there  wodid  be  8  otithe 
other  side,  and  2  would  coincide  with  that  diameter ;  in"  thill 
case  the  resistatrce  arising  from  all  the  fult  backets'  would  1^  die 
same  as  if  one  bucket  hung  on  the  prolongation  of  the  horisson^ 
faf  diameter  at  the  distance  of  2  shfi  20*  +  2  sin  40®  +  '2^  siA  60* 
<f  ^  sinr  Stf ,  these  being  thjs  sines  to  die  common  radius  of  tlf« 
wheel. 

To  know  the  quantity  of  water  that  each  bucket  sIifouM  coil^i^ 
tain,  take  ^  of  the  absolute  force  of  the  stream,  that  is>  ^  of  the 
weight  of  the  prism  of  water  whose  base  is  the  surface  of  one  of 
the  fioat-boards,  and  whose  height  is  that  through  which  water 
jimst  fall  to  acquire  the  velocity  of  the  stream :  £K>  have  we  the 
power  that  should-  be  in  equilibrio  with  the  weight  of  water  in 
die  buckets  of  the  rising  semicircle;  Then  say,  as  the  sum  of 
-^e  skies  mentioned  above  is  to  radius",  so  is  the  power  just 
found  to  a  fourth  term,  the  half  of  which  will  be  the  weight  of 
water  that  ought  to  be  contained  in  one  bucket.  Lastly,  SisAft 
velocity  of  the  wheel  will  be  to  that  of  the  stream  nearly  as  1 1^ 
2|,  the  quantityof  revohitions  it  makes  in  any  determinate' tittic 
Becomes  known,  and,  of  consequence,  the  quantity  of  water  the 
wheel  will  raise  hr  the  same  time ;  since  we  know  the  capacilJf 
of  eaeh' bucket*,  and  ttle  number  of  them  emptied  ifa  every  revo* 
liitiou-  of  the  wheel. 

5.  Another  mechanical  contrivance  for  the  purpose  of  rakinjg 
%ater  is  a  chain^pump.    Thi*  is  now  generally  made  frony  VQ  tfe 
feet  in  lengtfi ;  ctmsists  of  two  colmteral  sqfttane  bttitelsi^aiid 
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»  endiess  cfaaiH  of  pistons  of  the  same  form  fixed  at  pro  per 
distances.  The  chain  is  moved  round  a  coarse  kind  of  wheel* 
work,  fixed  ^ometines  at  one  end,  but  oftefr  at  both  ends  of  the 
machine.  The  teeth  of  the  wheel- work  are  so  contrived  as  to 
receive  one  half  of  tl>e  flat  pistons  and  let  them  fold  in ;  and 
they  take  hdi  of  the  links  as  they  rise.  A  whole  row  of  the 
pistons  (which  go  free  of  the  sidefr  of  the  barrel  by  abont  a 
qaarter  of  an  inch)  are  always  lifting  when  the  pomp  is  at 
work ;  and,  a»  this  machine  is  generally  worked  briskly,  the 
pistone  or  pallets  bring  up  a  fuU  bore  of  water  in  the  pnmp. 
Cbaiiiit-pumps  are  wrought  sometimes  by  men  turning  winchear, 
sometimes  by  horses,  ami  sometimes  by  the  impulse  of  a  stream 
of  water :  they  are  likewise  so  contrived  that  by  the  continual 
folding  in  of  the  pistons,  stones,  dirt,  or  whatever  comes  in  tfae 
way,  may  be  cleared  off:  tl^ey  are  therefore  often  used  to  ^sm 
ponds,  sewers,  and  remove  foul  water,  when  no  other  pump 
eouU  be  employed. 

Chain«^pijui»p8  are  not  merely  fixed  in  a-  vertical  position,  but 
aie  bfteu  tnelined ;  and-  in  the  latter  case  they  are  in  a  state  of 
the  ttveatest  perfection,  or  raise  the  most  vimter,  when  the  breadlb 
of  the  pallets  is  equal  to  their  distance  from  each  other,  and  the 
phne  is  inclined  under  an  angle  of  24*"  21'. 

It  is  not  unusual  for  cbaiu-pumpe  to  be  erected  withouit  a 
havrcl  to  rsceive  the  pistons,  after  the  maimer  represented  in 
fig.  3.  pL  XIX.  The  pallets^  are  converted  into  square  boxes 
$,  s,  &€•  which  are  raised  by  means  of  hexagonri  axles^  each 
•ode  of  the  hexagon  being  ecpiat  to  the  distance  fi>om  box  to  box  : 
Ae  boxes  descend  witb  their  moudis  downwards,  and  s^  entei^ 
the  water. 

Anotbsf  contrivance  for  rashig  water  similar  to  the  chain- 
pttn»p  is.  an  endless  rope  with  stuffed  cushions  hung  n^ion  itf, 
wilieh,  by  means  of  twa  wheels  or  drums,  are  cam^  to^  rise 
in  succession  in  the  same  barrel,  and  to  ean'y  water  with  them. 
From  the  resenybknce  of  this  apparatus  to  a  string. x>f  beads^  i^ 
is  usually  called  patemoster^zmrk.  But  in  this>  as  well  as  the 
diain<^ifmp,  the  magnitude  of  the  friction  is*  a  formidable  prac- 
tical objection. 

6.  Jets,  and  fountains  are  not  now  considered  as  conducive  to 
ptctUMsque  beauty ;  nor  can  they  be  reckoned  of  much  utility, 
except  perhaps  in  hot  climates :  we  have  not  therefore  described 
any  m  diie  woi4.  But  in  the  fount«n  of  Hero  of  Syracuse  a 
nmcii^le  is  introduced  which  has  been  fouiid  of  great  utility  in 
larger  works ;  for  the  head  of  water  is-  actually  lower  tiran  tke 
enlce,  but  the  pressure  is^  communicated  by  t^e  intervention  of 
a  column  of  air :  the  construction  of  this  fountain  is  as  foflow^ 
It  consists  of  two  vessete  K]>mm  ^fitg.  d.ph  XU^.)  nod  o^b. 
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-which  are  close  on  all  sides.  A  tube  a  b^  having  a  fiihnd  at 
the  top,  passes  through  the  uppermost  vessel  without  conimu- 
nicating  with  it,  being  soldered  into  its  top  and  bottom.  It  also 
passes  through  the  top  of  the  under  vessel,  where  it  is  likewise 
soldered,  and  reaches  almost  to  its  bottom.  This  tube  is  open 
at  both  ends.  There  is  another  open  tube  st,  which  is  soldered 
into  the  top  of  the  underTessel  and  the  bottom  of  the  upper  ves- 
sel, and  reaches  almost  to  its  top.  These  two  tubes  serve  also 
to  support  the  upper  vessel.  A  third  tube  gf  is  soldered  into 
the  top  of  the  upper  vessel,  and  reaches  almost  to  its  bottom. 
This  tube  is  open  at  both  ends,  but  the  orifice  g  is  vei^  small. 
Now  suppose  the  uppermost  vessel  filled  with  water  to  the 
height  EN,  Ee  being  its  surface  a  little  below  t.  Stop  the  ori- 
fice G.with  the  finger,  and  pour  in  water  at  a.  This  will  descend 
through  AB,  and  compress  the  air  in  oq  rp  into  less  room.  Sup- 
pose the  water  in  the  under  vessel  to  have  acquired^ the  surface 
cCy  the  air  which  formerly  occupied  the  whole  of  the  spaces 
OPQB  and  KL^E  will  now  be  contained  in  the  spaces  opcc  and 
KL^E ;  and  its  elasticity  will  be  in  equilibrio  with  the  weight  of 
the  column  of  water  whose  base  b  the  surface  Be,  and  whose 
height  is  ac.  As  this  pressure  is  exerted  in  every  part  of  the 
air,  it  will  be  exerted  on  the  surface  £e  of  the  wat^r  of  the 
upper  vessel ;  and  if  the  pipe  fg  were  continued  upwards,  the 
water  would  be  supported  in  it  to.  a  height  en  above  £e,  equal 
to  AC.  Therefore,  if  the  finger  be  now  taken  from  oflf  the  ori- 
fice G,  the  fluid  will  spout  up  through  it  to  the  same  height  as 
if  it  had  fallen  through  a  tube  whose  altitude  is  ea.  So  long  as 
there  is  any  water  in  the  vessel  klnm  there  will  be  a  discharge 
through  tlie  orifice  :  therefore  the  play  of  the  fountain  will  con- 
tinue whilst  the  water  contained  in  the  upper  vessel,  having 
spouted  out,  falls  down  through  the  pipe  ab  :  the  height  of  the 
water  measured  from  the  basin  vaw  to  the  surface  of  the  water 
in  the  lower  ves^sel  opaR  is  always  equal  to  the  height  measured 
from  the  top  of  the  jet  to  the  surface  of  the  water  in  the  vessel 
KLMN.  Now,  since  the  surface  Ee  is  always  falling,  and  the 
water  in  the  lower  vessel  always  rising,  the  height  of  the  jet 
must  continually  decrease,  till  it  is  shorter  by  the  depth  of 
ICLMNy  which  is  empty,  added  to  the  depth  of  opqr,  which  is 
always  filling;  and  when  the  jet  is  fallen  so  low  it  immediately 
ceases  to  play. 

7.  A  machine  designed  to  raise  water  to  a  great  height  for  the 
irrigation  of  land,  in  such  situations  as  have  the  advantage  of  a 
small  fall,  is  described  in  Dr.  Darwin's  Phytologia :  as  it  de^ 
pends  on  the  principle  of  Hero's  fountain,  it  may  properly  be 
inserted  here. 

Fig.  4.  .pi.  XIX.  a.  i,  is  the  strejim  of  Mater, 
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ft,  c,  c,  represents  the  water-fall,  supposed  to  be  10  feet, 

d,  e,  are  two  leaden  or  iron  vessels,  containing  a  certain  quai>- 

tity  of  water,  which  may  be  computed  to  be  about  4  gallons 

each. 

J^f  Sf  ^f  h  K  h  ^^^  leaden  vessels,  each  holding  about  two 
quarts. 

o,^,  two  cocks,  each  of  which  passes  through  two  pipes, 
opemog  the  one  and  closing  the  other.  * 

^,  r,  is  a  water-balance^  that  moves  on  its  centre  s ;  and  by 
which  the  two  cocks  o  andp  are  alternately  turned.  i 

/,  Uy  and  Wy  or,  are  two  air-pipes  of  lead,  both  internally  one 
inch  and  a  quarter  in  diameter. 

yf  ^i  y*^  >  yy  ^  ?  are  water-pipes,  each  being  one  inch  in 
4iameter. 

**  The  pipe  6,  e,  c,  is  always  full  from  the  stream  fl,  b :  the  small 
cisterns  g,  1,1,  and  the  large  one  d,  are  supposed  to  have  been 
previously  filled  with  water.  The  fluid  may  then  be  admitted 
by  turning  the  cock  o,  through  the  pipe  c,  e,  into  the  lai'ge  cist- 
tern  e.  This  water  will  press  the  air  confined  in  the  cistern  tf, 
up  the  air-pipe  w,  x,  and  will  force  the  fluid  out  of  the  cisterns 
g,  a,  /,  into  those  marked  A,  k,  and  c. — At  the  same  time,  by 
opening  b,  the  water  and  condensed  air,  which  previously  ex- 
isted in  the  large  cistern  r/,  and  in  the  smaller  ones  marked/)  h, 
kf  will  be  discharged  at  b. — After  a  short  time,  the  water- 
balance,  q^  r,  s',  will  turn  the  cocks,  and  exclude  the  water, 
while  it  opens  the  opposite  ones :  the  cisterns  f,  h,  k,  are 
emptied  in  their  turns  by  the  condensed  air  from  the  cistern  d, 
as  the  water  progressively  enters  the  latter  from  the  pipe  b,  c.i 
8.  A  very  ingenious  application  of  the  same  principle  has 
been  made  in  the  celebrated  Hungarian  machine,  at  Chemnitz. 
The  best  account  we  have  been  able  to  obtain  of  this  is  the  fol- 
lowing. 

In  fig.  3.  pi.  XVIII.  A  represents  the  source  of  water  ele- 
vated 136  feet  above  the  mouth  of  the  pit.     From  this  there 
runs  down  a  pipe  b  of  four  inches  diameter,  which  enters  the 
.  top  of  a  copper  cylinder  b,  8^  feet  high,  5  feet  diameter,  and  2 
''inches  thick,  and  reaches  to  within  4  inches  of  the  bottom:  it 
has  a  cock  at  i."^ 

This  cylinder  has  a  cock  at  q,  and  a  very  large  one  at  N. 
From  its  top  proceeds  a  pipe  vice  two  inches  in  diameter,  which 
goes  96  feet  down  the  pit^  and  is  inserted  into  the  top  of  another 
brass  cylinder  c*,  which  is  6  J  feet  high,  4  feet  diameter,  and 

•  In  the  figure  these  vessels  are  in  form  of  parallelopipeds,  and  there  are 
some  pipes  and  cocks  which  are  not  referred  to  in  this  description :  but 
ihis  happens,  because  one  diagram  is  mstde  to  serve  for  both  the  original 
n»achine,  and  Mr.  BoswclPs  ihiprovements  mentioned  directly  after.  • 
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two  iaches  diick :  the  latter  contaiokig  about  83  cubic  feet, 
wUch  is  nearly  one  half  of  the  capacity  of  the  former^  viz.  170 
cubic  feet.  There  is  another  pipe  fo  of  4  inches  diameter, 
which  rises  from  within  4  inches  of  the  bottom  of  this  lower  ey^ 
linder,  is  soldered  into  its  top,  and  rises  to  the  tit>ugh  z  which 
carries  off  tlie  water  from  the  mouth  of  the  pit.  JThis  lower 
cylinder  communicates  at  the  bottom  with  the  water  o,  which 
collects  in  the  drains  of  the  mines.  A  large  cock  p  serres  to 
exclude  or  admit  this  water:  another  cock  m  at  the  top  of  this 
cylinder  communicates  with  the  external  air. 

Now,  suppose  the  cock  i  shut,  and  all  the  rest  open :  the 
upper  cylinder  will  contain  air,  and  the  lower  cylinder  wiU  be 
filled  with  water,  because  it  is  sunk  so  deep  that  its  top  is  bdow 
the  usual  surface  of  the  mine-waters.  Shut  the  cocks  Q,  N,  1% 
V,  and  open  the  cock  i.  The  water  of  the  source  a  mntit  ilin 
in  by  the  orifice  j,  and  rise  in  the  upper  cylinder,  compressng 
the  air  above  it  and  along  the  pipe  v£C,  and  thus  acting  on  the 
Bmrface  of  the  water  in  the  lower  cylinder.  It  will  dberefore 
cause  it  to  rise  gradually  in  the  pipe  of,  where  it  will  always  be 
of  such  a  height  that  its  weight  balances  the  elasticity  of  die 
compressed  air.  Suppose  no  issue  given  to  the  air  from  the 
upper  cylinder,  it  would  be  compressed  into  one-fifth  of  its  bulk 
by  the  column  of  1 36  feet  high ;  for  a  colunm  of  34  feet  near|f 
balances  the  ordinary  elasticity  of  the  air.  Therefore,  whtn 
diere  is  an  issue  given  to  it  through  the  pipe  tec,  it  will  drive 
the  compressed  air  along  this  pipe,  and  it  will  expel  water  from 
the  lower  cylinder.  When  the  upper  cylinder  is  full  of  water, 
there  will  be  84  cubic  feet  of  water  expelled  from  the  lower  cy- 
linder. If  the  pipe  op  had  been  more  than  136  feet  loug^the 
water  would  have  risen  136  feet,  being  then  in  equUibrio  widi 
the  water  in  the  feeding  pipe  d  by  the  intervention  of  the  elastic 
air;  but  no  more  water  would  have  been  expelled  from  the 
lower  cylinder  than  what  fills  this  pipe.  But  the  pipe  being 
only  96  feet  h^h,  the  water  will  be  thrown  out  at  z  with  a  con- 
siderable velocity.  If  it  were  not  for  the  great  obstructioBS 
which  water  and  air  must  meet  within  their  passage  along  pip«i^ 
it  would  issue  at  z  with  a  velocity  of  more  than  fifty  feet  |ier 
second.  It  issues  however  much  more  slowly,  and  at  last  tl^ 
upper  cylinder  is  full  of  water,  and  the  water  would  enter  the 
pipe  VE  and  enter  the  lower  cylinder,  and,  without  displacing  : 
^  air  in  it,  would  rise  through  the  discharging  pipe  OP,  aiuLJ 
run  off  to  waste.  To  prevent  this  there  hangs  in  the  pipe  vb  a^ 
cork  ball  or  double  cone,  by  a  brass  wire  which  is  guided  hf^ 
holes  in  two  cross  pieces  in  that  pipe.  When  the  upper  cylin-— 
der  is  filled  with  water,  this  cork  plugs  up  the  orifice  Y,  aiKl 
water  is  wasted;  the  influx  at  g  now  stopi^.    But  the  lowe 
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Cjriinder  contains  compressed  air,  which  would  balance  water  in 
a  discharging  pipe  1 36  feet  high,  whereas  o  p  is  only  96.    There- 
fore the  v^ater  will  continue  to  flow  at  z  till  the  air  has  so  far 
expanded  as  to  balance  only  96  feet  of  water,  that  is,  till  it  oc- 
cupies one-half  of  its  ordinary  bulk,  that  is,  one-fourth  of  the 
cap;^city  of  the  upper  cylinder,  or  42i  cubic  feet.^   Therefore 
42j|  cubic  feet  will  be  expelled,  and  the  efflux  at  z  will  cease ; 
and  tlie  lower  cylinder  is  about  one-h^lf  full  of  water.     When 
the  attending  workman  observes  this,  he  shuts  the  cock  I.     He 
might  have  done  this  before,  had  he  known  when  die  orifice  v 
was  stopped ;  but  no  loss  ensues  from  the  delay.    At  the  same 
time  the  attendant  opens  the  cock  n  tlie  water  issues  with  great 
violence,. being  pressed  by  the  condensed  air  from  the  lower  cy- 
linder.    It  therefore  issues  with  the  sum  of  its  own  weight  and 
pf  this  compression.     These  gradually  decrease  together,  by  the 
efflux  of  the  water  and  the  expansion  of  the  air ;  but  this  efflux 
sU>ps  before  all  the  water  has  flowed  out ;  for  there  are  42j|  feet 
of  the  lower  cylinder  occupied  by  air.     This  quantity  of  water 
remains,  therefore,  in  the  upper  cylinder  nearly :  the  workman 
knows  this,  because  the  discharged  water  is  received  first  of  all 
into  a  vessel  containing  three-fourths  of  the  capacity  of  the 
upper  cylinder.     Whenever  this  is  filled,  the  attendant  opens 
the,  cock  r  by  a  long  rod  which  goes  down  the  shaft ;  this  allows 
the  water  of  the  mine  to  fill  the  lower  cylinder,  and  the  air  tp 
get  into  the  upper  cylinder,  which  permits  the  remaining  water 
to  run  out  of  it.     Thus  every  thing  is  brought  into  its  first  con- 
dition ;  and  when  the  attendant  sees  no  more  water  come  out 
at  K,  he  shuts  the  cocks  n  and  m,  and  opens  the  cock  i,  and  the 
i>peratioQ  is  repeated. 

There  is  a  very  surprising  appearance  in  the  working  of  this 
engine.  When  the  efflux  at  z  has  stopped,  if  the  cock  q  be 
opened,  the  water  and  air  rush  out  together  with  prodigious 
violence,  and  the  drops  of  water  are  changed  into  hail  or  lumps 
of  ice«  It  is  a  sight  usually  shown  to  strangers,  who  are  desired 
-to  hold  their  hats  to  receive  the  blasts  of  air :  the  ice  comes  out 
wit}i  such  violence  as  frequently  to  pierce  the  hat  like  a  pistol 
bullet.  This  rapid  congelation  is  a  remarkable  instance  of  the 
general  fact^  that  air  by  suddenly  expanding  generates  cold|^  its 
eampity  for  heat  being  increased* 

The  above  account  of  the  procedure  in  working  this  engine 
•hows  that  the  efflux  both  at  z  and  N  becomes  very  slow  near 
the  end*  It  is  found  convenient  therefore  not  to  wait  for  the 
complete  discbarges,  but  to  turn  the  cocks  when  about  30  cubic 
ffi^  of  water  have  been  discharged  at  z :  more  work  is  done  in 
Hm  way.  A  gentlennan  of  great  accuraej  and  knowledge  of 
tbese  subjects  took  the  trouble  of  noticing  part;(culaiiy  the  per- 
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formance  of  the  machine.  He  observed  that  each  stroke^  as  it 
may  be  called,  took  up  about  three  minutes  and  one-eighth ;  and 
that  32  cubic  feet  of  water  were  discharged  at  z,  and  66  were 
expended  at  n.  The  expence  therefore  is  66  feet  of  water 
falling  136  feet,  and  the  performance  is  32  raised  96,  and  they 
are  in  the  proportion  of  66  x  136  to  32  x  96,  or  of  1  to  0*3422, 
or  nearly  as  3  to  J .  This  is  superior  to  the  performance  of  the 
most  perfect  undershot  mill,  even  when  all  friction  and  irregu- 
lar obstructions  are  neglected ;  and  is  not  much  inferior  to  any 
overshot  pump-mill  that  has  yet  been  erected.  When  we  re- 
flect on  the  great  obstructions  which  water  meets  with  in  its 
passage  through  long  pipes,  we  may  be  assured  that,  by  doubling 
the  size  of  the  feeder  and  discharger,  the  performance  of  the 
machine  will  be  greatly  improved ;  we  do  not  hesitate  to  say, 
that  it  would  be  increased  one-third  :  it  is  true  that  it  will  ex« 
pend  more  water ;  but  this  will  not  be  nearly  in  the  same  pro^ 
portion,  for  most  of  the  deficiency  of  the  machine  arises  from 
the  needless  velocity  of  the  first  efflux  at  z.  The  discharging 
pipe  ought  to  be  110  feet  high,  and  not  give  sensibly  less  water. 
Then  it  must  be  considered  how  inferior  in  original  expense  this 
simple  machine  must  be  to  a  mill  of  any  kind  which  would  raise 
10  cubic  feet  96  feet  high  in  a  minute,  and  how  small  the  re* 

i>airs  on  it  need  be,  when  compared  with  a  mill.  And,  lastly, 
et  it  be  noticed  that  such  a  machine  can  be  used  where  no  mill 
whatever  can  be  put  in  motion.  A  small  stream  of  water,  which 
would  not  move  any  kind  of  wheel,  will  here  raise  one-third  of 
its  ow^n  quantity  to  the  same  height ;  working  as  fast  as  it  is  sup^ 
plied. 

For  these  reasons,  we  think  that  the  Hungarian  machine  emr- 
tiently  deserves  the  attention  of  mathematicians  and  engineers, 
to  bring  it  to  its  utmost  perfection,  and  into  general  use.  There 
are  situations  where  this  kind  of  machine  may  be  very  useful, 
'yhus,  where  the  tide  rises  17  feet,  it  may  be  used  for  compress- 
ing air  to  seven-eighths  of  its  bulk ;  and  a  pipe  leading  from  a 
very  large  vessel  inverted  in  it  may  be  used  for  raising  die  water 
from  a  vessel  of  one-eighth  of  its  capacity  17  feet  high;  or  if 
this  vessel  has  only  one-tenth  of  the  capacity  of  the  large  one  set 
in  the  tide-way,  two  pipes  may  be  led  from  it ;  one  into  the  small 
vessel,  and  the  other  into  an  equal  vessel  16  feet  higher,  which 
receives  the  water  from  the  first.  Thus  one-sixteenth  of  the 
water  may  be  raised  34  feet,  and  a  smaller  quantity  to  a  still 
greater  height ;  and  this  with  a  kind  of  power  that  can  hardly 
be  applied  any  other  way.  Machines  of  this  kind  are  described 
by  Schottus,  Sturmius,  Leupold,  and  other  old  writers ;  and 
"they  should  not  be, forgotten,  because  opportunities  may  offer 
f  making  them  highly  benefiNcial.  ' 
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.  9.  Mr.  John  Whitley  Boswell  has  devised  an  apparatus 
uhiQh  when  attached  to  such  a  machine  as  that  at  Chemnitz 
will  enable  it  to  work  itself  without  attendance.  The  descrip-^ 
lion  of  this  will  be  presented  to  the  reader  in  Mr.  Boswell's 
own  words. 

Fig.  3.  pi.  XVIII.  A  is  the  reservoir,  or  upper  level  of  water. 
^  By  a  chamber  made  of  sufficient  strength  to  bear  the  internal 
pressure  of  a  column  of  water  the  height  of  a  above  it,  multi* 
plied  by  its  own  base. 

c,  a  chamber  of  the  same  strength  as  b,  but  of  a  smaller  size ; 
it  is  placed  at  the  bottom  of  the  pit  from  which  the  water  is  to 
be  raised,  and  under  the  level  of  the  water. 

These  chambers  would  be  stronger  with  the  same  materials, 
if  of  a  globular  or  cylindrical  form;  but  the  square  shape  is  used 
in  the  drawing  merely  for  the  facility  of  representing  the  position 
'  of  the  parts. 

D,  a  pipe  from  the  reservoir  a  which  passes  through  the  top 
of  B,  and  ends  near  its  bottom,  to  convey  water  from  a  U  b. 

B,  a  pipe-  from  the  top  of  b  to  the  top  of  c,  to  convey  air 
from  B  to  c. 

F,  a  pipe  from  the  bottom  of  c  to  the  leVel  of  the  ground  at 
the  top  of  the  pit,  to  carry  off  the  water  from  the  pit. 

G^  a  pipe  from  the  bottom  of  b  to  carry  off  the  water  from 
It 

H,  a  vessel  to  contain  the  water  used  in  working  the  cocks; 
it  is  only  placed  on  the  top  of  b  to  save  the  construction  of  a 
stand  on  purpose  for  it. 

I,  a  cock,  or  -moveable  valve  (vvorked  by  die  lever  there  re- 
presented), in  the  large  pipe  d. 

K,  a  stop-cock  in  the  small  pipe  which  conveys  water  from  D- 
to  H;  Its  use  is  to  make  the  engine  work  faster  or  slower,  by 
letting  water  more  or  less  quick  into  h  ;  or  to  stop  it  altogether 
from  working  when  required. 

L,  a  moveable  valve  or  cock  in  the  small  pipe  lk.  The  lever 
which  works  it  is  connected  by  a  strong  wire  with  the  lever 
which  works  i,  and  is  balanced  by  a  'weight  at  its  opposite 
extremity,  sufficient  to  open  both  these  cocks  and  shut  N,  when 
not  prevented  by  a  counter  weight. 

N,  a  cock  in  the  pipe  o  to  open  and  shut  it  as  wanted. 

o,  a  selfi-moving  vsjve  in  the  pipe  F,  which  permits  the  water 
to  pass  upwards,  but  prevents  its  return. 
.  P,  a  8elf-4noving  vanre  at  the  bottom  of  c,-  which  permits  the 
water  io  pass  into  c,  but  prevents  any  from  passing  out  of  it; 
it  is  furnished  with  a  grating,  to  prevent  dirt  getting  m.   ^ 

H,  a  vessel  suapeoded  from  Ae  levers  of  i  and  l,  caj^able  of 
containing  a  weight  of  water  sufficient  to  shut  them 
VOL.  11.  '  0 
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s,  a  vessel  suspended  frpm  the  lever  of  n  :  it  miist  contain 
water  enough  by  its  weight  to  open  N :  it  is  connected  by  a 
chain  to  r,  to  keep  it  down  as  long  as  N  is  open. 

T^  ^  syphon  passing  from  the  bottom  of  h^  near  its  upper 
edge,  and  down  again  to  the  mouth  of  R« 

V;  a  self-moving  valve  of  a  sufficient  levity  to  rise,  when  the 
water  in  b  comes  up  to  it,  and  close  the  pipe  £ ;  into  which  no 
wafer  would  else  pass  from  b.  A  ball-cock,  such  as  used  in 
common  water  cisterns^  would  do  here. 

X,  a  syphon  from  the  bottom  of  r  rising  within  an  inch  of  ita 
top,  and  passing  down  again  to  the  mouth  of  s. 

Y,  a  small  pipe  at  the  bottom  of  s:  this  may  have  a  atop** 
cock,  to  regulate  it,  which,  when  stopped,  will  also  slop,  the- 
engine. 

The  mode  of  this  engine's  working  is  as  follows :  suppose 
the  vessels  v,  h,  r,  and  s  empty  of  water,  and  the  cocks  k  ancb 
Y  open,  and  the  vessel  c  Aill  of  water.  The  weight  on  the  lever 
of  h  will  then  open  the  cocks  l  and  |,  on  which  the  water  fronr 
A  will  flow,  into  b  and  h.  As  the  water  xises  in  B,  it  wilt 
force  the  air  through  e  into  c^  which  strongly  pressing  on  the 
water  in  c,  will  force  it  up  through  the  pipe  f,  till  the  water  in 
B  rises  to  the  lever  of  v  and  closes  it,  at  which  time  H  will  be 
full  of  water  (the  quantify  flowing  in  be^ig  so  regulated  by  the 
cock  k),  and  the  water  wiU  flow  from  it  through  the  syphon  T 
into  the  vessel  r,  which  as  it  Alls  shuts  the  cocks  I  and  l,  and 
prevents  any  more  water  coming  into  b  and  h.  When  r  is> 
full,  the  water  flows  through  its  s}'phon  x^  which  fills  s,  and  by 
it  opens  n,  which  ei;npties  b  of  water,  and  keeps  n  open  as 
long  as  there  is  any  water  in  h. 

When  H  is  empty,  b  \^ill  be  so  top  (being  so  regulated  by  the 
cock  k),  on  which,  in  a  moment  or  two,  r  and  s  wiU  also  be 
empty;  which  will  cause  the  cocks  i  and  l  to  open,  and  all 
things  will  be  again  in  the  state  first  supposed,  for  a  cepetltioiK 
of  the  operations  described. 

To  stop  the  engine,  the  cocks  at  k  and  Y  should  be  shut, 
while  s  is  fuU  of  water.  To  set  it  >ixorking,  they  should  be 
open;  and  this  is  all  the  attendance  it  will  require.  As  ncv 
one  but  an  engineer  should  attempt  to  construct  such  an  engine, 
as  this,  it  was  useless  to  represent  the  manner  o£  connecting  the 
pipes  by  flancbes  or  otherwise;  or  the  proper  methods  of  fasten- 
rag  and  closing  the  parts,  which  are  all  well  known  to  such  as^ 
have  made  this  art  their  study.  (Nicholson's  Journal,  4to. 
vol.1.) 

In  No.  5.  of  the  New  Series  of  Nicholson's  Journal,  Mel 
Boswell  has  made  some  further  improvements  in  the  application, 
of  the  Huug^iaii  macbive. 
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10.  The  Spiral  pump  is  a  very  curious  hydraulic  engine,  which 
operates  on  nearly  the  same  principle  as  the  Hungarian  machine. 
The  first  engine  of  thb  kind,  of  which  we  have  seen  any  account, 
was  indented  and  erected  by  H.  Andreas  Wirtz,  a  tinplate- 
workier  of  Zurich,  at  a  dye-house  in  Limmat,  in  the  vicinity  of 
that  city.  It  consists  of  a  hollow  cylinder,  like  a  very  large 
grindstone,  turning  on  a  horizontal  axis,  and  partly  plunged  in 
a  cistern  of  v(*ater.  Tlie  axis  is  hollow  at  one  end,  and  com- 
xnunicates  with  a  vertical  pipe.  This  cylinder  or  drum  is  formed 
into  a  spiral  canal,  by  a  plate  coiled  up  within  it  like  the  main 
spring  of  a  watch  in  its  box ;  only  the  spires  at  a  distance  from 
each  other,  so  as  to  form  a  conduit  for  the  water  of  uniform 
width.  This  spiral  partition  is  well  joined  to  the  two  ends  of 
Ae  cylinder,  and  no  water  escapes  between  them.  The  outer- 
most turn  of  the  spiral  begins  to  widen  about  •!  of  a  circumfer- 
esce  from  the  end,  and  this  gradual  enlargement  continuei^ 
nearly  k  semicircle,  this  part  being  called  the  horn :  it  then  widens 
suddenly,  forming  a  scoop  or  shovel.  The  cylinder  is  so  sup- 
ported Uiat  this  shovel  may,  in  the  course  of  a  rotation,  dip  se- 
veral inches  into  the  water.  As  the  cylinder  turns  upon  its  axis, 
the  scoop  dips  and  takes  up  a  certain  quantity  of  water  before  it 
emerges  again.  This  quantity  is  sufficient  to  fill  the  horn ;  and 
thk  again  is  nearly  equal  in  capacity  to  the  outermost  uniform 
8{HFal  round. 

After  the  scoop  is  emerged,  the  water  passes  along  the  spiral 
by  the  motion  of  it  round  the  axis,  and  drives  the  air  before  it 
into  the  rising  pipe,  where  it  escapes.  In  the  mean  time,  air 
comes  into  the  mouth  of  the  scoop;  and  when  the  scoop  again 
dips  into  the  water,  it  again  takes  in  some  of  that  fluid.  Tlius 
there  becomes  a  part  filled  with  water,  and  a  part  filled  with 
air.  Continuing  this  motion,  a  second  round  of  water  will  be 
received,  and  another  of  air.  'The  water  in  any  turn  of  the 
spiral  ^1  have  its  two  ends  on  a  level;  and  the  air  between  tbQ 
successive  columns  of  water  will  be  in  its  natural  state ;  for  since 
the  passage  into  the  rising  pipe  or  main  is  open,  thereis  nothing 
to  force  the  water  and  air  into  any  other  position.  But  since 
the  spires  gradually  diminish  in  their  length,  it  is  plain  that 
ifie  column  of  water  will  gradually  occupy  more  and  more  of' 
the  circumference  of  each.  At  last  it  will  occupy  a  complete 
tiini  of  some  spire  that  is  near  the  centre ;  and  when  sent  further 
in  by  the  continuance  of  the  motion,  som6  of  it  will  run  back 
over  the  top  of  the  succeeding  spire.  Thus  it  will  run  over 
into  the  right-hand  side  of  the  third  spire ;  and  consequent^ 
will  push  the  water  of  this  spire  backwards,  and  r^se  its  other 
end,  so  that  it  will  likewise  run  over  backwards  before  the  next 
rotation  be  completed.     At  length  this  change  of  dispositioo 
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ivill  reach  the  outermost  spire,  and  some  water  wiU  ran.  over 
into  the  horn  and  scoop,  and  finally  into  the  cistern. 

But  as  soon  as  water  gets  into  the  rising  pipe,  and  riBea  a 
little  into  it,  it  stops  the  escape  of  the  air  when  the  next  scoop 
of  water  is  taken  in.  Hence  there  are  then  two  columns  of 
watet  acting  against  each  other  by  hydrostatic  pressure^  and  the 
intervening  column  of  air:  they  must  compress  the  air  between 
ihem,  and  the  water  and  air  columns  will. now  be  unequal: 
this  will  have  a  general  tendency  to  keep  the  whole  water  back, 
and  cause  it  to  be  higher  on  the  left  or  rising  side  of  each  spire 
than  on  the  right  or  descending  side:  the  excess  of  height  being 
just  such  as  produces  the  compression  of  the  air  between  that 
and  the  preceding  column  of  water.  This  will  go  on  increasing 
as  the  Mater  mounts  in  the  rising  pip6;  for  die  air  next. to  ^he 
jising  pip^  is  compressed  at  its  inner  end  with  the  weight  of  ^e 
.whole  column  in  the  main  :  and  it  must  be  as  much  compressed 
at  its  outer  end,  which  must  be  done  by  the  water  column  witbQUt 
it;  and  this  column  exerts  this  pressure  partly  by  reason  tbat 
its  outer  end  is  higher  than  its  iimer  end,  and  partly  by  the 
transmission  of  the  pressure  on  its  outer  end  by  air,  which  is 
similarly  compressed  from  without.  Thus  it  will  happen  that 
.each  column  of  water  being  higher  at  its  outer  than  at  its  inner 
,end,  compresses  the  air  on  the  water  column  beyond  or  withhi 
it,  which  transmits  this  pressure  to  the  air  beyond  it,  adding  to  it 
the  pressure  arising  from  its  own  want  of  level  at  the  ends. 
Consequently,  the  greatest  compression,  viz.  that  of  the  air 
next  the  main,  is  produced  by  the  sum  of  all  the  transmitted 
pressures  ;  and  these  are  the  sum  of  all  the  differences  between 
the  elevations  of  the  iimer  ends  of  the  water  columjift  above 
, their  outer  ends  :  and  the  height  to  which  tiie  water  will  riise  in 

•  the  main  will  be  just  equal  to  this  sum. 

Suppose  the  left-hand  spaces  of  each  spire  to  be  filled  with 
water,  and  the  right-hand  spaces  filled  with  air,  as  is  shewn,  in 

.  regard  to  one  spire,  in  fig.  3.  pi.  XVII.  There  is  a  certain  grada- 
tion of  compression  which  will  keep  things  in  this  position:  for 

.  the  spaces  manifestly  decrease  in  arithmetical  progression  ;  and 
so  do  the  hydrostatic  heights  and  pressures;  if,,  therefore,  the 
air  be  dense  in  the  same  progression  all  will  be  in  hydrostatical 
equilibrium.  Now  this  may  obviously  be. produced  by  the  mere 
motion  of  the  machine;  for  since  the  density  and  compression 

,  in  each  air  columu  is  supposed  inversely  as  the  magnitude  of 

•  the  column,  the  quantity  of  air  is  the  same  in  all;  therefore  the 
.column  first  taken  in  will  p^s  gradually  inwarda,  and  the  inr 

•  creasing  compression  will  cause  it  to  occupy  precisely  the  whole 
iTigh^hand  of  every  apire.    The  gradual  diminution  of  the  watei — ' 
..columns  will  be  produced,  during  the  modon^  bj.^c  ^^^ 
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running  oyer  backwards  at  the  top  from  spire  to  spire^  and 
ultimately  coming  out  by  the  scoop.  Since  the  hydrostatic  height 
of  each  Avater  column  is  now  the  greatest  possible,  viz.  the 
diameter  of  the  spire,  it  is  evident  that  tUs  disposition  of  the 
air  and  water  will  raise  the  water  to  the  greatest  height.  This, 
disposition  may  be  obtained  thus:  let  cb  be  a  vertical  radius  of 
the  wheel,  .c  being  the  centre,  and  b  the  highest  point  [the  figure 
may  easily  he  dnawn];  upon  cb,  take  cl  to  cb,  as  the  density 
of  the  ext^rpal  air  to  its  density  in  the  last  column  next  the  rising 
I^pe  or  ipain;  that  is,  make  CL  to  cb  as  34*  feet  (the  height  of 
^e  qoluinn  of  water  which  balances  the  pressure  of  the  atmor 
^phere)^  to  the  sum  of  34  feet,  and  the  height  of  the  rising  pipe : 
then  divide  bl  into  such  a  number  of  turns  that  the  sum  of  their' 
^ual  diameters  shall  be  equal  to  the  height  of  the  main;  lastly, 
taring  a  pipe  straight  from  l  to  the  centre  c.  Such  is  the 
constrqctiQU  of  Xhe  spiral  pump,  as  originally  invented  by- 
Wirtz:  it  c^tainly  indicates  yery  considerable  mechanical' 
knowledge  and  sagacity. 

But,  when  the  main  is  very  high,  this  construction  will  require 
either  .a^ijenormous  diameter  of  the  drum,  or  many  turns  of  a 
5^ry  narrow  pipe.  In  such  cases  it  will  be  nuich  better  to  make 
|he  Sjpiral  in  the  form  of  a  corkscrew,  than  of  this  flat  foim  like' 
^  watch-spring.  The  pipe  which  forms  the  spiral  may  be- 
wrapped  round  the  frustum  of  a  cone,  whose  greatest  diameter 
•  is  to  the  least  (which  is  next  to  the  rising  pipe)  in  the  proportion 
JHSt  assigned  to  cb  and  cl.  By  this  consl;ruction  the  w^ter  wiij 
so  stand  in  every  round  as  to  have  its  upper  and  lower  surfaces 
tangents  ty  the  top  and  bottom  of  the  spiral,  ^nd  the  water 
columns  will  occupy  the  whole  ascending  side  of  tjie  machine^ 
while  the  air  occupies  the  descending  side.  This  form  is  far 
preferable  to  the  fiat  form :  it  will  ijlojpr  jus  to  employ  many 
turns  of  a  large  pipe,  and  therefore  produce  a  great  elevation  of 
a  large  quantity  of  water. 

The  sftime  thing  will  be  .still  better  accomplished  by  wrapping 
the  pipe  on  a  cylinder,  and  making  it  gradually  tapering  to  the 
end,  in  such  a  manner  that  the  contents  of  each  spire  may  be 
the  same  as  when  it  is  wrapped  round  the  cone.  It  will  raise 
the  water  to  a  greater  height  (though  certainly  with  an  increase 
of  the  impelling  power),  by  the  same  number  of  spires/ because 
the  vertical  or  pressing  height  of  each  column  is  greater. 

In  the  preceding  description  of  this  machine,  that  cohsthic- 
tion  has  been  chosen  which  made  its  principle  and  manner  of 
working  most  evident,  namely,  that  which  cbntained  the  same 
material  quantity  of  air  in  each  turn  of  the  spiral,  more  and  more 
compres^  as  it  iapproaches  to  the  rising  pipe.  But  this  i? 
Aot  th«  be^t'cspnstntctionr-forwe  «ce  tted:  ih  order  to  raise' 
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%atcr  to.  the  height  of  the  column  of  34  feet;  the  air  in  the  last 
5pire  u  compressed  into  half  its  space;  and  the  quantity  of 
water  delivered  into  the  main  at  each  turn  is  but  half  what  was 
received  into  the  first  spire,  the  rest  flowing  back  from  spire  to 
Bpixe,  and  being  dischai^ed  at  the  spout. 

But  the  construction  may  be  such  that  the  quantity  of  water 
in  each  spire  may  be  the  same  that  was  received  into  the  first ; 
by  which  means  a  greater  quantity  (double  in  the  instance  now 
given)  will  be  delivered  into  the  main/ and  raised  to  the  same 
altitude  by  very  nearly  the  same  force.  This  may  be  done  by 
another  proportion  of  the  capacity  of  the  spires ;  either  by  a 
change  of  their  caliber,  or  of  the  diameters  of  the  solid  on  which 
they  are  folded.  Suppose  the  bore  to  be  uniform  throughout| 
the  diameters  must  so  vary  that  the  constant  column  of  water 
and  the  column  of  air,  compressed  to  the  proper  degree,  may 
occupy  the  whole  circumference.  Let  a  be  the  column  of 
uater  which  balances  the  pressure,  and  h  the  height  to  wbicli 
the  M'ater  is  to  be  raised.  Let  a  be  to  a -f-H  as  1  to  ml  Theit 
it  is  plain  that  m  will  represent  the  density  of  the  air  in  the  hts^ 
apire,  if  its  natural  density  be  1,  because  it  is  pressed  by  <he 
column  A+H  while  the  common  air  is  pressed  by  A.  Let  1 
represent  the  constant  water  column,  and  coiisequentlv  it  wm 
be  nearly  equal  to  the  ait  column  in  the  first  spire:  then  the 

whole  circumference  of  the  last  spire  must  be  1  +  -r- ,  in  order- 
to  hold  the  water  1^  and  to  compress  the  air  into  the  space  — 

or .     The  circumference  of  the  first  spire  is  1  + 1  or  2 : 

and  if  b  and  d  be  the  diameters  of  the  first  and  last  spires  we 

have  2  :  l-\ — ::  Did,  or  2  m :  m-^l ::  i^  :d.  If,  therefore,  a  pipe 

of  uniform  bore  be  wrapped  round  a  conic  frustum,  of  which 
D  and  d  are  the  end  diameters,  the  spirals  will  be  very  nearly 
such  as  will  answer  the  purpose.  It  will  not^  be  quiU  exacL 
for  the  intermediate  spirals  will  be  rather  too  large :  the  conoidai 
frustum  should  in  strictness  be  formed  by  the  revolution'  of  a 
logarithmip  purve.  With  such  a  spiral  the  full  quantity  of 
water  whicti  was  confined  in  the  first  spire  will  soon  find  room 
in  the  last,  and  wil(  be  sent  into  the  main  at  every  rotation. 
This  is  a  very  great  advantage,  especially  when  the  water  is  to 
be  much  raised.  The  saving  of  power  by  this  change  of  con? 
struction  is  al>vays  propoftiop^  to  the  greatest  compression  of 
the  air. 

The  chief  difficulty  in  any  of  these  forms  is  in  determining 
the  form  and  pofation  of  ihp  hpra  ai^d  theacoop;  yet  on.  tbui 
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the  performance  of  the  machine  greatly  depends.    The  following 
instructions  will  render  this  tolerably  easy.     Let  adeo  (fig*  S. 
pL  XVII.)  represent  the  first  or  outermost  spire,  of  which  die> 
axis  is  c.     Suppose  the  machine  immerged  up  to  the  axis  in 
the  water  whose  surface  is  vv':  ii  has  been  seeti  that  it  is  most 
^effective  when  the  surfaces  kb  and  on  of  the  water  columns  are 
^tant  from  each  other  the  whole  diameter  BO  of  the  spire. 
Ijet  therefore  the  pipe  be  first  conceived  of  eqdal  caliber  to 
the  very  mouth  se;  which  we  suppose  to  be  just  about  to  dip 
jmio  the  water :  the  surface  on  is  kept  there  in  opposition  to 
the  pressure  of  the  water  column  bao  by  the  compressed  air 
contained  in  the  quadrant  os,  and  in  the  quadrant  which  lies 
behind  eb:  and  this  compression  is  supported  by  the  columns 
behind,  between  this  spire  and  the  rising  pipe.     But  the  air  in 
the  outermost  quadrant  eb  is  in  its  natural  state,  because  it  as 
yet  coninmnicates  with  the  external  air.     When,  however^  the 
ibpoth  ee  has  come  round  to  a,  it  will  not  have  the  water 
jBtanding  in  it  in  the  same  manner,  leaving  the  half  space  beo 
filled  with  compressed  air;  for  it  took  in  and  confined  only 
what  filled  the  quadrant  bb.     It  is  obvious,  therefore,  that  the 
qaadrant  be  must  be  so  shaped  as  to  take  in  and  confine  a 
much  greater  quantity  of  air;  so  that  when  it  has  come  to  a^ 
the- space  b£o  may  contain  air  sufficiently  dense  to  support  the 
colunm  ao.     But  this  is  not  enough:  for  when  the  wide  moutb 
now  at  A^/  rises  up  to  the  top,  the  surface  of  the  water  in 
it  rises  also,  because  the  part  aooc^  is  more  capacious  than 
the  part  of  uniform  bore  oe^o  that  succeeds  it,  and  that  cannot 
contain  all  the  water  which  it  previously  held.     Since  then  the 
water  in  the  spire  rises  above  a,  it  will  press  the  water  back 
from  oh  to  some  other  position  mV,  and  the  pressing  height  of 
the  water  column  will  be  diminished  by  this  rising  on  the  other 
side  of  o.     Hence  it  wrill  appear  that  the  horn  must  be^n  to 
widen,  not  from  b,  but  from  A^  and  must  occupy  the  whole 
semicirc^js  abe;  while  its  capacity  must  be  to  the  capacity  of 
the  opposite  side  of  uniform  bor^  as  the  sum  of  bo  and  the 
height  of  9  column  of  water  ^hich  balances  the  atmosphere 
to  the  height  of  that  column :  for  then  the  air  which  filled  it 
when  of  the  common  density  will  fill  the  uniform  side  bed, 
when  ,compress,ed  so  as  to  balance  the  vertical  column  bo. 
Bat  even  this  is  not  sufficient ;  forit  has  not  taken  water  enough. 
When  it  dipped  into  the  cisterjn  at  e  it  carried  air  down  with  it^ 
and  the  pressure  of  the  water  in  the  cistern  caused  that  fluid  to 
ri^e  into  it  a  little  way;  and  some  water  must  have  come  over 
at  B  from  the  other  side,  which  was  drawing  narrower.     When^ 
therefore^  die  faor&  is  in  the  position  EOAit  is  not  full  of 
ivater:  cobse^uently, .  wheo  it  comes  into  th^- situation  oA^it 
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cannot  be  full^  nor  can  it  balance  the  air  on  the  opposite  side* 
Hence  some  will  conoe  dut  at  o,  and  rise  up  through  the  water. 
The  horn  must  therefore  extend  at  least  from  o  to  b,  of 
occupy  half  the  circumference;  and  it  must  contain  ^at  least 
twice  as  much  water  as  would  fill  the  side  beg.  Nay,  if  it 
be  much  larger^  there  may  be  no  disadvantage;  because  the 
surplus  of  air  which  it  takes  in  at  e  will  be  discharged  as  the 
^nd  £e  pf  the  horn  rises  from  o  to  b^  and  it  will  leave  the 
precise  quantity  that  is  wanted.  The  overplus  water  will  be 
discharged  as  the  horn  comes  round  to  dip  again  into  the 
cistern.  ^ 

We  must  also  secure  the  proper  quantity  of  water.  When 
the  machine  is  so  much  immersed  as  to  be  up  to  its  axis  in 
wa^r,  the  capacity  which  thus  secures  the  proper  quantity  of 
air  will  also  take  in  the  proper  quantity  of  water.  But  it  may 
be  erected  so  as  that  the  spirals  shall  not  even  reach  the  water  :- 
and  in  this  case  it  will  answer  the  purpose  ^f  a  scoop  or  shovel 
be  joined  .to  the  horn,  and  ^  formed  as  to  take  in  at  least  as- 
muqh  water  as  will  fill  the  horn.  This  is  all  that  is  wanted  in 
the  beginning  of  the  motion  alojpg  the  spiral,  and  more  than  ir 
pecessary  when  the  water  has  advanced  to  the  succeeding  spire; 
but  the  overplus  is  discharged  ip  the  way  just  mentioned.  The 
^coopy  it  should  b,e  observed,  must  be  very  open  on  the  side  next 
the  as^is,  that  it  may  not  confine  the  air  as  it  enters  the  water; 
(pr  this  would  hinder  it  from  receiving  enough  of  that  fluid. 

As  an  example  we  shall  give  the  dimensions  of  a  machine 
erected  at  Florence,  whose  performance  corresponded  extremely 
well  with  the  theory.  The  spiral  is  formed  on  a  cylinder  of  10. 
feet  diameter,  and  the  diameter  pf  the  pipe  is  6  inches.  The 
smaller  end  of  tlie  horn  is  of  the  same  diameter ;  it  occupies  ^  of- 
tlie  circumference,  and  is  7*8  inches  wide  at  the  outer  end:  here* 
^t  joins  the  scoop,  which  lifts  as  much  water  as  fills  the  horn, 
which  contains  4340  Swedish  cubic  inches,  each  zil'571  En- 
glish. The  machine  mak€s]6  revolutions  in  a  minute,  and  raises - 
1354  pounds  of  twater,  or  22  cubic  feet,  10  feet  high  in  a' 
(nijiute.  Thus  it  raises  more  than  Vr^hs  of  what  the  theory 
would  lead  us  to  expect,  and  yet  it  isliot  perfect;  for  the  spiral 
is  throughout  of  equal  caliber,  and  is  formed  on  a  cylinder  in-» 
stead  of  a  conoid.  .    ^ 

Jd  this  machine  the  friction  is  so  inconsiderable  that  it  need 
nat, be  mentioned:  but  the  great  excellency  is,  that  whatever 
impeifections  th^re  may  be  in  the  arrangement  of  the  aif  and* 
water,  columns,^  it  only  affects  the  elegance  of  the  execution, 
causing  the  water  to  make  a  few  more  turns  in  the  spiral  before 
it  can  mount  to  th^,  required  height ;  but  it  wastes  no  .powery* 
because  the  power  employed  is^alw^s  in  proportion  to  the  sum* 
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of  the  vertical  columns  oT  water  in  the  rising  sid6  of  the  machine, 
and  the  altitude  to  which  the  water  is  raised  by  it  is  in  the  very 
same  proportion.  The  machine  should  be  made  to.  move  very 
slow,  that  the  water  be  not  always  dragged  up  by  the, pipes, 
which  would  cause  more  to  run  over  from  each  column  and 
'  diminish  the  pressure  of  the  remainder.  If  the  rising  pipe  be 
made  wide,  and  thus  room  be  made  for  the  air  to  escape  freely 
upwards  through  the  water,  it  will  rise  to  the  height  assigned; 
but  if  the  pipe  be  narrow,  so  that  the  air  cannot  rise  freely,  it 
rises  almost  as  slowly  as  the  water;  and  by  this  circumstance 
the  water  mixed  with  the  air  is  raised  to  a  much  greater  height, 
and  this  with  hardly  any  augmentation  of  the  power.  Thus  it 
.  is  that  the  great  performance  of  the  Florentine  machine  (which 
is  almost  triple  what  a  man  can  do  with  the  best  constructed 
pump)  is  accounted  for.  Lastly,  we  may  observe  that  the  en- 
trance into  the  rising  pipe  should  be  no  wider  than  the  last  part 
of  the  spiral;  and  it  would  be  advisable  to  divide  it  into  four' 
channels  by  a  thin  partition,  and  then  to  make  the  rising  pipe 
very  wide,  and  to  put  into  it  a  number  of  .slender  rods,  which 
\rould  divide  it  into  several  slender  channels  that  would  serve 
completely  to  entangle  the  air  among  the  water :  this  procedure 
will  greatly  increase  the  heights  to  which  the  heterogeneous 
column  may  be  carried. 

We  earnestly  recommend  the  application  and  improvement: 
of  this  machine  to  practical  engineers:  the  principles  on  which 
its  theory  depends  are  confessedly  intricate;  but  when  judiciously 
constructed  it  is  very  powerful  and  effective  in  its  operations: 
oo  which  accounts  we  are  sorry  that  hitherto  it  has  not,  as  far  > 
as  we  recollect,  been  described  in  more  than  two  British  works, 
the  Tramactions  of  the  Society  ofArtSy  for  1776,  and  the  Ency- 
clopedia Britannica. 

1  i  •  Desaguliers  describes,  in  the  second  volume  of  his  Expe- 
rimental Philosophy,  a  very  simple  contrivance  to  raise  water, 
which  is  this:  to  one  end  of  a  rope  is  fixed  a  large  bucket, 
-leaving  a  valve  at  its  bottom,  opening  upwards :  to  the  other 
end  is  fastened  a  square  frame,  and  the  cord  is  made  to  pass 
over  two  pulleys,  each  of  about  15  inches  diameter  (and  lixed 
in  a  horizontar  plane),  in  such  manner  that  as  the  bucket 
descends  the  frame  ascends  with  equal  velocity,  and  vice  versa. 
The  frame  is  made  to  run  freely  upon  four  vertical  iron  guide-* 
rods  passing  through  holes  at  its  four  comers :  and  when  the 
bucket  is  iiUed  with  water  at  the  well,  the  frame  stands  at  the 
horizontal  plane  to  which  the  water  is  to  be  raised:- when  thei 
bucket  is  full  a  man  steps  upon  the  frame  (his  weight,  together 
ivith  that  of  the  frame,  exceeding  the  weight  of  the  vesset  and 
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its  contained  water);  this  gives  an  ascendipg  motion  to  die 
bucket,  aud  cai^ses  the  valve  in  its  bottom  to  close.  AVheli  the 
bucket  is  raised  to  the  proper  heigtit  a  hook  fixed  there  catches 
ppto  a  hasp  at  th^  side  of  jthe  bucket,  turns  it  oyer,  and  causes  it 
to  empty  its  water  into  a  troi^gh  which  conveys  it  where  it  is 
required:  a|  tbis  time  the  man  and  the  descending  fran^e  have 
arrived  at  ft  platform  which  prevents  their  further  descent, 
where  the  man  remains  till  he  ^nds  ^he  bucket  above  is  empty ; 
when  he  steps  from  tlie  frame,  and  runs  up  a  flight  of  staics  to 
the  place  from  which  he  descended :  the  bqcj^et  in  the  mean 
while,  being  somewhat  heavier  than  the  frame,  descends  to  the 
water,  and. raises  the  frame  to  its  original  position.  Thus  the 
work  is  continued^  the  m^n  being  at  r.est  duriilg  his  descent,  and 
labourii]^  in  the  ascent. 

Desagutiers  employed  in  this  kind  of  worjk  a  '^  iapem 
drawer, *'  who  weighed  160lbs.  whom  he  desired  to  go  up  and 
down  40  steps  of  6}  inches  each  (in  all  aboiit  22  feet)  at  the 
same  rate  he  woyld  go  up  and  down  all  day.  He  went  up  an4 
down  twice  in  a  minute;  so  that  allowing  the  bucket  with  a 
quarter  of  a  hogshead  in  it  to  weigh  1 40lbs.  he  is  able  to  raise  it 
up  through  92  feet  twice  in  a  minute :  this  Desaguliers  estir 
mates  ^s  equivalent  to  a  whole  hqgshead  raised  II  feet  in  a 
minute;  and  rather  exceeds  what  he  has  assigned  a3  a  maxioiunji 
of  human  exertion. 

This  machine  is  in  many  cases  not  only  the  most  simple,  but 
the  best  that  can  be  devised;  yet  it  is  one  that  without  due 
precautions  is  likely  to  be  a  very  bad  one.  The  frame  oi> 
which  the  man  steps  must  be  brought  up  to  its  place  again  by 
preponderancy  in  the  n^achine  when  unloaded :  it  should  arrive 
precisely  at  the  same  time  with  the  man;  but  it  may  arrive 
sooner  or  later.  If  sooner,  it  is  of  no  use,  and  wastes  power  in 
raising  a  counterpoise  which  is  needlessly  heavy,  or  in  fact  less 
water  is  elevated  thau  the  man  is  able  to  elevate;  if  later,  there 
is  a  loss  of  time.  Hence  the  perfection  of  this  tiruly  simple 
machine  requires  the  judicious  combination  of  two  maximums, 
each  of  which  varies  in  a  ratio  compounded  of  two  otlier  ratios. 
It  will  not  be  difficult,  however,  to  adjust  the  proportions  of  tiie 
weight  of  the  bucket  and  that  of  the  frame :  for  if  b  denote  the 
weight  of  the  bucket,  f  that  of  ^e  frame,  and  ^  the  force 
necessai-ytQ  overcome  the  friction  and  the  inertia  of  the  pulleys, 
g  denoting  32^  feet,  t  the  time  occupied'  in  walking  up  die 
steps,  and  s  the  space  ascended  or  descended,  then  must  b  and 
£  be  so  adjusted  as  to  satiny  the  following  equatippi  viss.  «=: 
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1%  If  there  be  a  spring  affording  but  a  small  quantity  of 
Nvater,  or  having  but  a  small  fall^  it  is  possible  by  the  loss  of 
,some  of  the  water  to  raise  the  rest  to  supply  a  gentleman's 
seat,  or  any  place  where  it  is  wanted ;  but  iti  a  les»  quantity 
than  what  runs  waste,  if  the  place  to  which  the  water  is  to  be 
raised  is  higher  than  the  spring  or  resenrcHr  from  which  the 
water  falls.  Schottus  long  ago  contrived  an  engine  for  this 
purpose:  but  the  first  who  put  such  a  thing  in  execution 
was  Gironimo  Finugio,  at  Rome,  in  1616;  and  the  first  in 
this  country  was  George  GerveSy  a  ci^rpenter,  who,  in  the 
year  1725,  erected  an  engine  called  the  Multiply ing-wheel 
Bttcket^ngine,  at  the  seat  of  Sir  John  Chester,  at  Chichley,  in 
Buckinghamshire.  This  engine  was  much  approved  by  Sir 
Isaac  Newton,  Dr.  Desaguliers,  and  Mr.  Beighton,  and  was 
certainly  very  ingenious.  The  water  from  a  spring  descended 
in  a  lai^e  bucket  hanging  by  a  cord  from  an  axle,  while  a 
smaller  quantity  was  raised  from  the  same  place  by  a  cord 
hanging  from  a  wheel  on  the  same  axle :  a  fly  and  other  regu- 
lating apparatus  were  added,  to  make  the  engine  work  itself, 
l^faich  it  did  for  many  years  without  being  out  of  order.  As 
a  whole,  however,  the  contrivance  is  complex ;  and  we  are  not 
aware  that  any  other  engines  of  the  same  kind  have  been 
erected.  A  description,  with  a  plate,  may  be  seen  in  Desagu- 
Hers's  second  volume. 

Mr.  JEf.  Sarjeanty  of  Whitehaven,  contrived  a  very  cheap 
engine  for  raismg  water,  for  which  the  Society  for  the  En- 
couragement of  Arts  awarded  him  a  silver  medal  in  the  year 
1801.  A  sketch  of  this  simple  invention  is  given  in  fig.  2* 
pi.  XIX. 

This  engine  was  erected  at  Irton-hali,  which  is  situated  on 
an  ascent  of  60  or  61  feet  perpendicular  height :  at  the  foot  of 
Ibis  elevation,  about  140  yards  (distant  from  the  offices,  there 
runs  a  small  stream  of  water ;  and,  in  order  to  procure  a  con* 
stant  supply  of  that  necessary  fluid,  the  object  was  to  raise  such 
8ti:eam  to  the  house  for  culinary  and  domestic  uses.  With  this 
view,  a  dam  was  formed  at  a  short  distance  above  the  current, 
so  as  to  cause  a  fall  of  about  four  feet :  the  water  was  then  con- 
ducted through  a  wooden  trough,  into  which  a  piece  of  leaden 
pipe,  two  inches  in  diameter,  was  inserted,  and  part  of  which  is 
delineated  at  a. 

The  stream  of  this  pipe  is  directed  in  such  a  manner  as  to 
run  into  the  bucket  b,  when  the  latter  is  elevated;  but,  as 
soon  as  it  begins  to  descend,  the  stream  passes  over  it,  and  flows 
progressively  to  supply  the  wooden  trough  or  well,  at  the  foot 
•f  which  st^ndf  the  forcing-pump  c,  being  tfar^e  inches  in 
liiameten 
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D  15  an  imn  cylinder  attached  to  the  pump-rod,  \vbich 
passes  through  it :  such  cylinder  is  filled  with  lead,  and  weighs 
about  240  lbs.  This  power  works  the  pump,  and  forces  the 
?ivater  to  ascend  to  the  house  through  a  pipe  one  inch  in  dia* 
meter,  and  which  is  420  feet  in  length. 

At£  is  fixed,  a  cord,  whidi,  when  the  bucket  approaches  to 
within  four  or  five  inches  of  its  lowest  projection,  extends,  and 
opens  a  valve  in  the  bottom  of  the  vessel  through  which  the 
water  is  discharged. 

An  engiuie  in  a  great  degree  similar  to  this  was  erected  some 
years  ago  by  the  late  James  Spedding,  esq.  for  a  lead  mine  near 
Keswick,  writh  the  addition  of  a  smaller  bucket  which  emptied 
itself  into  the  larger  near  the  beginning  of  its  descent,  without 
which  addition  it  was  found  that  the  beam  only  acquired  a 
libratory  motion,  without  jnaking  a  full  and  effective  stroke* 

To.  answer  this  purpose  in  a  more  simple  way,  Mr.  Sarj^ant 
constructed  tha  small  engine  in  such  manner  as  to  finish  its 
stroke  (speaking  of  the  bucket  end)  when  the  beam  couiies  into 
an  hori^iontal  posUion,  or  a  little  below  it.  By  this  nieans  the 
lever  i&  virtually  lengthened  in  its  descent  in  the  proportion  of 
the  radius  to  the  cosme,  of  about  thirty  degrees,  or  as  seven  16 
six  neaily,  and  consequently  its  powe^  is  increased  in  an  equal 
proportibo^ 

It  is  evident,  that  the  opening  of  the  valve  might  have  been 
effected,  perhaps  better,  by  a  projecting  pin  at  the  bottom ;  but 
Mr.  S.  chose  to  give  an  exact  description  of  the  engine  as  it 
stands.  It  has  now  been  some  years  in  use,  and  completely 
answers  the  purpose  intended. 

The  only  artificers  employed,  except  the  plumber,  were-  ^ 
country  blacksmith  and  carpenter ;  and  the  whole  cost,  exdlu-^ 
sive  of  the  pump  and  pipes,  did  not  amount  to  5/. 

In  a  letter,  dajted  Whitehaven,  April  28,  1801,  Mr.  Serjeant 
observes,  that  the  piimp  requires  about  eighteen  gallons  of  water 
in  the  bucket  to  raise -the  counter-weight,  and  make  a  fresh 
stroke  in  the  pump ;  but  it  makes  three  strokes  in  a  minute, 
and  gives  about  a  half-gallon  into  the  cistern  at  each  stroke: 
He  adds,  **  I  speak  of  what  it  did  in  the  driest  part  of  last  sum* 
mer;  when  it  supplied  a  large  family,  together  with  workt* 
people,  Sec.  with  water  for  all  purposes,  in  a  situation  wherq 
none  was  to  be  had  before,  except  some  bad  water  from  a  com- 
mon pump  which  has  been  since  removed.  But  the  above 
supply  being  more  than  sufficient,  the  machine  is  occasionally- 
stopped  to  prevent  wear,  which  is  done  by  merely  casting  off 
the  string  of  the  backet  valve," 

13.  Mr,  JBefyamin  Dearborn,  whose  simple  fire-engine  haa 
already  been  mentioned^  has  contrived  an  hydraulic  enginq^ 
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viiiclr  may  be  conveniently  added  Jo  a  common  pump,  .and 
thereby  renders  it  useful  in  further  elevating  water,  and  par- 
ticularly in  extinguishing  fires:  the  following  description  of 
Iiis  apparatus  is  extracted  from  the  Memoirs  of  the  yJmerican 
Academy. 

Plate  XIX.  fig.  7.  a,  b,  c,  d,  represents  a  pump,  the  form 
of  which  is  similar  to  that,  of  the  pumps  commonly  employed 
on  ship-board. 
B,  die  spout. 
F|  a  stopper. 

J>,d,,tL  plank -cap,  that  is  fitted  to  the  pump^  and  provided 
with  leather  on  its  lower  surface ;  being  secured  by  the  screws 
Ufb:  in  ,the  centre  is  a  hole,  through  which  the  spear  of  the 
pump  passes,  and  round  which  a  leather  collar  is  made,  as  re- 
presented at  the  letter  c. 
g,  B,  nut  for  the  screw  b. 

f,  a  square  piece  of  wood  that  is  nailed  across  one  end  of  the 
plank-cap,  through  both  which  the  screw  a  is  introduced :  a 
hole  is  made  through  such  piece  and  the  capithat  communicates 
with  the  bore  of  the  pump. 

G,  G,  a  wooden  tube,  which  may  be  of  any  requisite  length, 
and  consist  of  any  number  of  joints  :  it  is  made  square  at  the 
l6wer  extremity,  and  perforated  for  the  reception  of  the  cock ; 
the  upper  end  being  made  with  a  nice  shoulder. 

e,  a  wooden  cock  that  opens  or  shuts  the  communication  be- 
tween the  pump  and  the  tube ;  being  furnished  on  the  opposite 
side  with  a  handle  and  with  a  lock,  in  case  it  should  be  found 
Accessary. 

A,  A,  are.  two  ferules,  the  object  of  which  is  to  prevent  the 
tube  from  splitting. 

H,H,  braces,  each  of  which  ought  to  be  crossed  over  another, 
as  nearly  at  right  angles  as  possible. 

fV,  are  irons  in  form  of  a  staple,  which  surround  the  tube, 
and  pass  through  the  braces;  their  ends  being  perforated  with 
holes  for  fore-locks. 

K^L,M,N^  is  a  head  made  of  five  pieces  of  wood;  A:,/,wi,n, 
a  square  piece,  in  the  lower  part  of  which  is  a  hole, for  the 
reception  of  the  extremity  of  the  tube,  and  which  piece  rests  on 
the  shoulder  o^p;  to  the  lower  end  of  this  head  is  nailed  a  piece 
of  leather,  with  a  hole  in  its  centre,  similar  to  that  made  in  the 
^wood.  Another  piece  of  leather  of  the  same  form  is  placed  on 
the  top  of  the  tube,  and  between  both  is  a  circle  of  thin  plate- 
brass  ;  the  two  pieces  of  leather  and  the  brass  being  pressed 
between  the  lower  end  of  the  head  and  the  shoulder;  of ,  th^ 
.  lube.  Their.^dges  are?  delineated  at  (?,!?.  ^ 
.    K,  K;  and  LjtM,  are  the  edges  of  two  pieces,  of  plank,,  of  a 
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similar  ^idth  with  the  head^  to  which  they  are  closely  nailed ; 
,  each  liKeiDg  protided  with  a  tenon,  that  passes  through  a  mortice 
m  the  end  of  the  piece  o,  p  :  bbth  tenons  have  holes  for  a  fore- 
lock at  9.  , 

o,  Vf  a  piece  of  plank  of  the  same  width  as  the  sides ;  the 
centre  of  which  is  perforated,  in  order  that  the  tube  may  pass 
through  ;  and  in  each  end  of  which  is  a  mortice  for  the  recep- 
tion of  the  tenons. 

K,M,  a  cap. 

T,  r,  are  two  pieces  nailed  to  the  side  of  the  tube ;  the  lower 
extremity  of  each  is  provided  with  a  truck,  with  a  view'tb 
kssef)  the  friction  of  the  head  in  its  horizontal  revolution. 

f,  qy  represent  fore-locks,  the  design  df  which  is  to  fasten 
down  the  bead^  and  prevent  the  water  from  escaping  at  the 
joint  <7,j;.  ' 

Q,R,  is  a  wooden  conductor;  the  extremity  marked  wiA  the 
letter  q  being  solid,  while  the  opposite  end,  r,  is  bored  writh  a 
small  auger. 

s^  a  bolt  that  passes  through  the  conductor  and  head,  and  being 
secured  on  the  back  with  a  fore-lock  or  nut :  this  bolt  is  romidedf 
near  the  head,  and  square  in  the  middle. 

tyUjWyXj  represents  a  piece  of  iron  or  brass,  designed  to  pre^ 
vent  the  head  of  the  bolt  from  wearing  into  the  wood. 

s,  s,  are  ropes  for  the  direction  of  the  conductor. 

Fig.  8.  represents  the  head  without  such  conductor. 

ajbyCydy  is  a  thick  brass  plate,  the  centre  of  which  is  per- 
forated, so  as  to  admit  a  passage  to  impurities,  that  might  other- 
wise obstruct  the  conductor :  for  which  purpose  a  piece  of 
leather  is  nailed  under  it  to  the  head.  The  square  hole  in  the 
centre  is  adapted  to  the  size  of  the  bolt,  which  it  prevents  from 
turning.  Hie  conductor  has  a  hollow  cut  round  the  bolt  on 
the  inside,  of  the  same  size  as  the  circle  of  holes  in  the  brass : 
round  such  cavity  is  nailed,  on  the  face  of  the  conductor,  apie<;^ 
of  leather,  that  plays  on  the  margin  of  the  brass-plate  when  th^ 
conductor  is  in  motion. 

In  the  conclusion  of  his  Memoir,  Mr.  Dearborn  observes, 
that  he  has  raised  a  tube  of  30  feet  on  his  pump ;  and,  though 
the  severity  of  the  season  had  prevented  him  from  completing  it, 
so  that  one  person  only  could  work  at  the  brake,  yet  he  19 
enabled  to  throw  water  on  a  contiguous  building,  the  nearest 
part  of  which  is  37  feet  from  the  pump,  and  between  SO  and 
40  feet  in  height. 

14.  The  Hydraulic  Rain,  invented  by  M.  JosephlMEontgol- 
fier,  is  a  machine  the  construction  of  which  is  founded  uponth<^ 
acceleration  of  the  velocity  of  a  liquid  mass  falliiig  in  a  tu(b^ 
and  the  ccnnraonicatbn  of  that  motion  to  another  fiquid  tinBa^ 
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moving  with  a  less  velocity  than  the  former.  We  know  that  a 
heavy  body  falling  in  vacbo  runs  over  l6  tt  fset  in  the  first  se* 
cond ;  and  a  liquid  column  which  falls  in  an  unresisting  vertical 
tube  passes  over  the  same  space  in  the  same  time,  with  a  motion 
uniformly  accelerated:  supposing  this  tube  kept  constantly 
full,  and  considering  the  friction '  of  the  particles  of  the  fluid 
against  one  another,  aod  against  the  sides  of  the  tube^  the  mo« 
tion  is  such,  that,  though  it  ceases  to  be  uniformly  accelerated, 
the  velocity  of  the  column,  at  first  nothing,  arrives  by  degrees 
at  its  maximum,  in  a  longer  or  shorter  time,  depending  on  the 
dimensions  and  f<Hin  of  the  tube ;  the  contained  fluid  having 
acquired  a  certain  velocity,  there  results  a  certain  quantity  of 
motion;  the  object  of  the  hydraulic  ram  is  to  communicate 
a  part  of  this  motion  to  the  mass  of  water  which  is  to  be  ele- 
vated. 

To  understand  the  construction  of  this  machine,  suppose  that 
in  orifice  is  made  through  the  pier  or  embankment  of  a  reser« 
voir  of  either  standing  or  running  water,  at  the  depth  of  4  or  i^ 
feet  bdow  the  surface  of  the  fluid,  such  orifice  receiving  one  end 
t»f  a  cylindrical  tube  about  20  or  24  feet  long,  the  tube  beii^ 
formed  of  iron,  copper,  or  otiier  suitable  materials^  and  placed 
horizontally,  and  firmly  supported  through  its  whole  length  by 
timber  or  by  masonry.  To  tlie  end  of  this  tube  farthest  front 
tjhe  reservoir  is  adapted  a  piece  of  iron  or  of  copper,  called  the 
head  of  the  ram;  it  has  two  orifices,  both  of  which  open  hori- 
zontally ;  the  sucker  of  one  of  these  closes  by  ascending,  that 
belonging  to  the  otlier  closes  by  descending:  these  valves  are 
guided  in  their  motions  by  rings  which  traverse  the  handles  at- 
tached to  their  centres.  The  orifice  which  has  the  ascending 
Tidve,  and  which  is  in  fact  the  remoter  orifice,  permits  the  water 
to  ^escape  freely :  tlie  other  is  covert .  by  a  kind  of  tower, 
vhich  serves  as  an  air-vessel,  and  is  f)ierced  on  one  side  by  a 
liole  to  which  a  tube  is  adapted  that  is  elevated  to  the  height  to 
which  it  is  proposed  to  raise  the  water.  See  also  id,  pU 
XXXVIil. 

Ta  understand  tfae^r^zoxiof  the  machine,  let  it  be  considered 
that  when  the  remoter  orifice  is  open,  the  water  which  run» 
along  the  horizontal  tube  will  escape  with  a  velocity  which  will 
eontmue  to  increase  until  the  impression  of  the  stream  raises 
the  valve  and  closes  the  orifice :  hence  tlie^  motion  of  all  the 
water  in  the  tube  is  suddenly  stopped,  and  the  i;/5  7;iVa  acquired 
exerts  itself  on  all  parts  of  the  tube,  and  consequently  on  the 
rising  valve,  which  giving  way  permits  the  water  to  escape 
through  it  into  the  vessel  above  :  the  force  existing  in  the  cy« 
Under  being  thus  employed,  the  pressure  to  which  the  valve 
yielded  becomes  annihilated^  and  the  sucker  redescends,  closing 
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its  orifice :  th6  Velocity  of  the  wat^r  in  th^  liorizbntd  tube  being 
thus  destroyed,  die  remoter  orifice  again  permits  the  water  to 
escape  through  it^  and  the  same  operations  are  repeated  so  long 
as  there  is  a  proper  supply  of  water.  Thus  it  will  be  seen  that 
every  time  the  valve  closes  the  remoter  orifice,  a  portion  of  the 
moving  water  passes  into  the  air-vessel  above  the  other  valve  i 
there  will  soon  be  a  sufficient  quantity  to  cover  the  inferior  ex- 
tremity of  the  ascending  tube,  and  then  the  air  which  is  above 
the  water  in  the  air-vessel,  having  no  commuhication  with  the 
atmosphere,  will  be  compressed  if  the  machine  continue  to  act^ 
and  its  expansive  force  increasing  with  the  compression  will 
compel  the  water  to  move  up  the  ascending  pipe ;  though  al- 
ways in  a  quantity  inversely  proportional  to  the  altitude  to  which 
it  is  to  be  raised* 

Every  time  the  remoter  or  discharging  sucker  shuts,  a  report 
is  beard  similar  to  that  of  the  stroke  of  a  hammer,  and  which 
furnishes  a  mean. of  knowing  how  often  it  is  closed  in  a  given 
time. 

We  have  only  spoken  of  one  kind  of  ram ;  but  the  same  prin-^ 
ciples  are  susceptible  of  a  very  extensive  application:  thus,  it 
would  be  easy  to  raise  other  water  besides  that  which  runs  throi]^ 
the  ram  ;  as,  for  example,  with  a  fall  of  water,  we  might  by  al 
slight  modification  of  this  machine  raise  water  from  thi^  bottomr 
of  wells  or  of  mines. 

To  judge  of  the  merit  of  a  hydraulic  machine  we  must  con-' 
sider  its  produce,  the  expense  of  its  erection,  and  that  of  keeping* 
it  in  repair.  Now  in  every  hydraulic  machine  the  force  ex- 
pended is  the  product  of  the  water  which  comes  from  its  source 
multiplied  by  the  height  it  falls  through  before  it  acts  on  the 
machine ;  the  produce  being  the  product  of  the  quantity  of 
water  raised  io  the  same  time,  multiplied  by  the  height  to  which 
it  is  elevated.  Now,  in  an  experiment  made  upon  the  ram 
erected  at  the  Polytechnic  School,  it  appeared  that  the  expense 
was  to  the  produce  as  100 :  45.  For,  the  height  of  the  fall  is  I 
metre  82,  that  of  the  ascending  pipe  1 1  m.  66,  the  tube  of  the 
vertical  or  active  column  '054  ni.  in  diameter,  being  fixed  at  the 
bottom  of  an  oval-shaped  vessel;  the  horizontal  or  passive  co- 
lumn, also  *054m.  in  diam. ;  the  ascending  tube  of  tin-  *002  m.^ 
interior  diam.  and  llm.  66  elevation;  the  total  length  S2m. 
66.  The  discharging  valve  closed  from  40  to  42  times  in  a  mi- 
nute. The  water  which  fell  in  10  minutes  was  493*7  litres ; 
that  which  was  raised  up  the  ascending  tube  in  the  same  time 
51*8 ;  from  which  data  flows  the  ratio  just  stated. 

In  another  hydraulic  ram  placed  in  M.  Montgolfier's  garden, 
(Ru^  des  Juifs^  No.  122)  the  fall  which  was  procured  artifi- 
cially was  7}  feet;  th^  height  to  which  the  water  was  raised^ 
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50  feet ;  the  diameter  of  the  tubes  2  inches ;  the  water  ex- 
pended in  4  minutes  was  315  litres,  that  elevated  SO  litres: 
^ence  the  expense  or  force  employed  is  7J  X  315  =  2362; 
the  useful  f^rce  50  x  30  =  1500 ;  and  these  are  in  the  ratio  of 
JOO :  64, 

In  an  experiment  made  upon  a  ram  at  Avilly,  near  Senlis,  by 
M*  Turquet,  bleacher,  the  expense  was  found  to  be  to  the  pro- 
duce as  100 :  6^.  In  an  experiment  on  a  fourth  machine,  in  \vhich 
the  passive  column  was  10  m.  4  in  length,  and  the  height  of  the 
ascending  pipe  yearly  7  times  that  of  the  head  of  water,  the  dis- 
charging valve  closed  104  times  in  a  minute,  and  the  expense 
was  to  the  produce  as  100  :  57»  Taking  the  mean  of  these  ex- 
periments, the  expense  will  be  to  the  produce  as  100 :  57 ;  so 
Aat  a  hydraulic  ram  placed  not  in  unfavourable  circumstances, 
and  executed  with  care,  may  be  said  to  employ  usefully  at  least 
jbalf  its  force. 

One  of  our  most  simple  engines  for  purposes  similar  to  those 
io  which  the  ram  could  be  applied,  is  Sarjeant's  bucket  engine 
(see  No.  12  of  the  present  article,)  intvhich  the  expense  is  to  the 
produce  nearly  as  100  to  42,  a  ratio  not  much  inferior  to  that 
of  the  ram  at  the  Polytechnic  School.  But  the  machine  most 
ianalogous  to  M.  Montgolfier's  in  principle  next  to  that  by  Mr. 
jBouIton,  is  the  hydraulic  engine  at  Chemnitz :  in  which  the  ex- 
pense is  66  feet  of  water  falling  136  feet,  in  the  same  time  that 
the  produce  or  performance  is  32  feet  raised  96 ;  they  are 
tfierefore  in  the  proportion  of  66  x  136  to  32  x  96,  or  nearly 
a^  100 :  34.  Even  this  is  superior  to  the  performance  of  the 
Qiost  perfect  undershot  mill,  and  might  certainly  be  considerably 
increased,  by  giving  more  favourable  proportions  to  the  feeding 
and  dbcharging  pipe,  than  in  the  existing  machine.  And  if,  in 
ad^jition  to  this,  the  ingenious  apparatus  of  Mr.  Boswell| 
enabling  the  machine  to  work  itself,  be  appropriated  skilfully 
to  such  a  general  contrivance,  it  will  doubtless  be  as  favourable 
as  the  hydraulic  ram..  M.  Montgolfier  suggests  the  utility  of 
his  invention  in  the  draining  of  mines :  and  in  that  case,  the 
hydraulic  ram,  and  the  Hungarian  machine,  would  become 
pearly,  if  not  altogether,  identical  as  to  the  principle. 
.15.  The  DanaidCf  a  new  hydraulic  machine,  invented  by  M. 
Mannoury  Dectot,  is  dius  described  by  M.  M.  Perier,  Prony, 
and  Camot,  in  their  report  to  the  French  Institute. 

The  model  by  which  this  mechanist  exhibited  his  experiments, 
consists  principally  of  a  trough,  the  bottom  of  which  has  a  hole 
m  its  centre :  it  is  cylindrical,  nearly  as  high  as  it  is  broad,  and 
apuule  of  tin-plate.  It  is  fixed  to  a  vertical  axis  of  iron,  which 
pastes  through  the  middle  of  the  hole  in  the  bottom,  leaving  a 
y^eaitf  space  aU  iroundi  through  which  water  escapes  as  it  flows 
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into  ttie  trough  (from  above) :  this  axis  tiirns^  with  the  trough, 
upon  a  pivot,  and  is  fixed  above  to  a  collar. 

The  object  of  the  inventor  was  that  the  water  flowing  into  the 
trough  from  above,  with  a  certain  quantity  of  vis  vtva,  should 
CQuimunicate  the  whole  of  it  to  the  solid  parts  of  the  machine^ 
so  as  to  be  employed  afterwards  in  producing  some  useful  effect  j 
always  excepting* the  small  quantity  of  force  necessary  to  enable 
the  water  to  escape  by  the  orifice  below.  Tiiis  object  he  thus 
obtain^. 

Within  the  trough  there  is  affixed  to  the  axis  a  drum,  likewise 
of  tin-plate,  concentric  with  the  trough,  and  close  above  and 
below.  This  drum,  which  turns  round  with  the  trough,  occu- 
pies nearly  the  whole  of  its  capacity;  the  space  between  the 
jtwo  not  exceeding  an  inch  and  a  half.  A  similar  space  exists 
also  between  the  bottom  of  the  trough  and  the  drum ;  it  is  how- 
ever less  than  the  former,  and  is  divided  into  several  compart- 
inents  by  diaphragms  proceeding  from  the  circumference  to  the 
central  hole  in  the  bottom  of  the  trough.  These  diaphragms  dc^ 
hot  exist  between  the  sides  of  the  drum  and  the  trough,  and  the 
compartments  ^t  the  bottoni  communicate  with  this  anpulai? 
space. 

The  water,  which  comes  from  a  reservoir  above  by  one  or 
two  pipes,  makes  its  way  into  this  annular  space  between  the 
drum  and  the  trough.  The  bottoms  of  the^e  pipes  correspond 
with  the  level  of  the  water  in  the  trough,  and  thiey  are  directed 
horizontally,  as  tangents  to  the  mean  circumference  between 
that  of  the  trough  and  of  the  drum.  The  force  which  the  wa^er 
has  acquired  by  its  fall  along  the  pipes  causes  the  machine  to 
move  round  its  axis ;  and  this  motion  gradually  accelerates  till 
the  velocity  of  the  water  in  the  space  between  the  trough  and  the 
drum  equals  that  of  the  watier  from  the  reservoir :  so  that  the 
shock  of  the  water  from  above  upoii  that  in  the  machine  be- 
comes imperceptible. 

Now  this  circular  motion  communicates  to  the  water  between 
the  trough  and  the  drum  a  centrifugal  force,  in  consequence  of 
which  it  presses  against  the  sides  of  the  trough.  The  centri- 
fugal  loyce  acts  equally  upon  the  water  contained  in  the  com- 
partmeuts  at  the  bottom  of  the  trough,  but  obviously  less  and 
less  as  the  water  approaches  the  centre.  The  whole  water, 
then,  is  actuated  by  two  forces  which  oppose  each  other;  namely," 
gravity  and  the  centrifugal  force.  The  first  tends  to  make  the 
water  run  put  at  the  orifice  at  the  bottom  of  the  trough ;  the  se^ 
cond  tends  to  drive  the  water  from  that  hole.  To  these  two 
forces  are  joined  a  third,  namely,  /fiction,  which  here  acts  an 
important  and  singular  part,  since  it  promotes  the  efficacy  ofi 
the  machhie^  vvhii^  in  other  machines  it  always  diminishes  th^t 
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(^cacy.  Here,  on  the  contrary,  the  effect  would  be  nothing 
were  it  not  for  the  friction,  which  acts  in  a  tangent  to  the  sides 
pf  the  trough  and  drum. 

By  the  combination  of  these  three  forces  there  must  result  a 
more  or  less  rapid  flow  from  the  qiifice  at  the  bottom  of  the 
trough ;  and  the  less  force  the  water  has  as  it  escapes,  the  more 
it  wilt  have  employed  in  moving  the  machine^  'and  consequently 
in  producing  the  useful  effect  for  which  it  is  destined. 

Tie  -moving  power  is  the  weight  of  the  water  running  iq^ 
multiplied  by  the  height  of  the  reservoir  from  which  it  Hows 
above  the  bottom  of  the  trough :  and  the  useful  effect  is  the 
same  product  diminished  by  half  the  force  which  the  water  re- 
tains when  it  issues  from  the  orifice  below. 

The  Reportef  s  endeavoured  to  ascertain  by  direct  experiment 
the  amount  of  this  useful  effect.  They  fixed  a  cord  to  the  axis 
of  the  machine,  which,  by  means  of  pulleys  properly  placed, 
raised  a  weight  as  the  machine  turned  round.  The  result  or' 
repeated  experiments  was  that  the  effect  produced  amounted 
to  1%  and  sometimes  to  tVf  of  the  moving  cause;  an  effect 
^iiich  surpasses  that  of  the  best  machines  ktiown. 

16.  It  will  be  expected  that  some  notice  should  be  taken  lit 
this  place  of  two  celebrated  hydraulic  engines,  viz.  the  watevr 
^Boorks  at  London-bridge,  and  those  at  Marly,  Of  these,  the 
former  has  been  so  often  described  in  well-known  English 
works,  that  a  minute  description  appears  quite  unnecessary ; 
the  latter  will  be  briefly  described  under  thfe  article  Marly  in 
this  volume.  Other  contrivances  for  raising  water,  such  as  the 
^entrifiigal  machine,  pressure  engines, pumps,  and  Archimedes's 
serew^  are  likewise  treated  under  the  respective  words. 
^  After  all,  it  is  not  possible  within  fhe  limits  to  which  th^ 
mbjecf  of  hydraulic  engines  must  necessarily  be  confined  in 
this  work,  to  describe  a  tenth  part  of  those  which,  by  the  inge- 
nuity of  their  construction,  and  their  great  utility,  deserve  the 
attention  of  those  who  are  likely  to  be  engaged  in  the  erection 
of  such  machines.  To  supply  the  deficiency  in  some  measure, 
a  catalogue  is  here  added  of  the  most  important  and  valuable 
writings  on  these  kinds  of  engines. 

Descriptio  machinae  hydraulicas  curiosa^  constructa  Jqh. 
Geor.  Faudieri.    Venet.     1 607. 

Nouvelle  invention  de  lever  Teau  plus  haut  que  la  source, 
oi^c  -quelque  machines  raouyantes  par  le  moyen  de  I'eau,  &c« 
par  Isaac  de  Cans,    1657. 

Josephi  Gresorii  a  Monte  Sacr.    Principia  physico-mechar 
,  mca  diversaruBi  machinarum  seu  instrumentorum  pneumatice* 
fu:  hydjPftttUcea.    Yenet,     1664. 

a2 


244  MACHINES. 

Nouvelle  machine  hydraulique^  par  Francini.  Jouro.  des 
ggav,     1669, 

[An  account  of  this  machine  is  likewise  given  in  the  Archi- 
tecture hydraulique  of  Belidor^  tom.  2.  and  in  the  2d  vol.  of 
Desaguliers's  Experimental  Philosophy :  in  both  which  per- 
formances many  other  hydraulic  machines  are  described.] 
.  An  undertaking  for  raising  water,  by  Sir  Samuel  Moreland^ 
Phil.  Trans.  1674.  No.  102. 

An  hydraulick  engine  by Phil.  Trans.  16f75« 

Jfo.  128. 

.  A  cheap  pump, by  Mr.  Cont/ers,  Phil.  Trans.  1677.  No.  136. 

M.  de  Hautefeuille,  Reflexions  sur  quelques  machines  sL  eler 
ver  les  eaux^  avec  sa  description  d'une  nouvelle  pomipe,  san^ 
frottement  et  sans  piston,  &c.     1682. 

Elevation  des  eaux  par  toute  sorte  des  machines,  reduite  sL  l^ 
mesure,  au  poids,  i  la  balance,  par  le  moyen  d'un  nouveati  pistoii 
et  corps  de  pompe,  et  d'un  npuveau  mouvement  cyclo-elliptique, 
^t  rejetant  Fusage  de  toute  soite  de  manivelles  ordinaires,  par  1^ 
Chevalier  Morland.     1685. 

A  new  way  of  raising  water,  enigmatically  proposed,  by  Dr. 
jPapin.  Phil.  Trans.  1685.  No.  173.  The  solutions  by  Dn 
Vincent  and  Mr.  R.  A.  in  No.  177. 

M.  du  ToraXf  Nouvelles  machines  pour  6puiser  I'eau  des 
foundations,  qui,  quoi  tr^s  simples,  font  uh  effet  supprenant'. 
1695.     Journ.  des  S§av.  1695.  p.  293. 
.  An  engine  for  raising  water  by  the  help  of  fire,  by  Mr.  Tho. 
Savory.    Phil.  Trans.  1699.  No.  253. 

Z).  Fapin,  Nouvelle  mani^re  pour  lever  Teau  par  la  force  du 
feu:  A  Cassel.     1707. 

Memoire  pour  la  construction  d'une  pompe  qui  fournit  Con- 
tinuellement  de  I'eau  dans  le  reservoir,  par  M.  de  la  Hire, 
Mem.  Acad.  Sci.  Paris.     1716. 

,  Description  d'une  machine  pour  elever  des  eaux,  par  M,  de 
fiFave,  Mem.  Acad.  Sci,  Paris.    1717. 

Jon,  Jac.  Bruckmann*8  und  Joh.  Heinr.  fVeber^s  Elementar- 
maschiue,  oder  universal-mittel  bey  alien  wasser-hebungen. 
Cassel.     1720,  ^ 

Jacob  Leupoldy  Tbeatri  machinarum  hydraulicarum.     1724, 

1725.  .  .  .  ' 

J  oh.  Frid.  Weidleri  Tractatus  de  machinis  hydraulicis  toto 

terrarum  orbe  maximis  Marlyensi  et  Londinensi,  &c.     1727. 

Vide  Act.  erudit.  Lips.     1728.  ; 

A  description  of  the  water-^works  at  London*-bridge,  by  H* 

Beighton,  F.R.S.  Phil.  Trans.  1731.  No.  417. 
An  account  of  a  new  engine  for  raising  wat^r^  in  which  horses 
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Or  other  animals  draw  without  any  loss  of  power  (which  has 
never  yet  been  practised) ;  and  how  the  strokes  of  the  piston 
may  be  made  of  any  length,  to  prevent  the  loss  of  water  by  tho 
too  frequent  opening  of  valves,  &c.  by  Walter  Churchman^ 
Phil.  Trans.     1734.» 

Sur  Teffet  d'une  machine  hydraulique  propos6e  par  M. 
Segner,  par  M.  Leon,  Euler,  Mem.  Acad.  Sci.  Berlin.     1750. 

Application  de  la  machine  hydraulique  de  M.  Segner  k  toutes 
sortes  d'ouvrages,  et  de  ses  avantages  sur  les  autres  machines 
hydraiiliques,  par  M.  Leon,  Euler,  Mem.  Acad.  Sci.  Berlin. 
1751. 

[M.  Segner^s  machine  is  no  other  than  the  simple  yet  truly 
ingenious  contrivance  knov^n  by  the  name  of  Barker* s  mill, 
which  had  been  described  in  the  2d  volume  of  Desaguliers's 
Philosophy,  some  years  before  the  German  professor  made  any 
pretensions  to  the  honour  of  the  invention.  The  tlieory  of  it  is 
ukewise  treated  by  John  Bernoulli  at  the  end- of  his  Hydraulicsi] 

Recherches  sur  une  nouvelle  mani^re  d'elever  de  Teau  pro- 
pos6e  par  M.  de  Mour,  par  M.  L.  Euler,  Mem.  Acad.  Berlin. 
1751. 

Discussion  particuli^re  de  diverses  mani^res  d'elever  de  Peaii 
par  le  moyen  des  pompes,  par  M.  L,  Euler,  Mem.  Acad.  Ber. 
1752. 

Maximes  pour  arranger  le  plus  advantageusement  les  ma- 
chines destinies  ^  elever  de  I'eau  par  le  moyen  des  pompes,  par 
M.  L.  Euler,  Mem.  Acad.  Ber.     1752. 

Reflexions  sur  les  machines  hydrauliques,  par  M.  le  Cheva- 
lier D'-4rcy,  Mem.  Acad.  Sci.  Paris.     1754. 

Memoire  sur  les  pompes  par  M.  le  Chevalier  de  Borda,Mem, 
Acad.  Sci.  Paris.     1768. 

Dan.  Bernoulli  Expositio  theoretiea  singularis  machinae  liy- 
draulicas.  Figuri  helvetiorum,  exstructae.  Nov.  Com.  Acad. 
Petrop.     1772. 

Abhandlungen  von  der  wasserschraube,  von  D.  Scherffer^ 
Priester.  Wien.     1774?. 

Recherches  sur  les  moyens  d'ex6cuter  sous  Teau  toutes  sortes 
de  travaux  hydrauliques,  sans  employer  aucun  epuisement,  par 
M.  Coulomb,     1779. 

Saemund  Magnussen  Holm,  Efterretning  om  skye  pumpen. 
Kiobenhavn.     1779. 

Moyen  d'augmenter  la  vitesse  dans  le  mouvement  de  la  vis 
d'Archimede  sur  son  axe,  tire  des  m6moires  manuscrits  de  M. 
Pingeron,  sur  les  arts  utiles  et  agreables.  Journ.  d'Agric.  Juin, 
1780. 

The  theory  of  the  syphon,  plainly  and  methodically  illu- 
strated.    1781.     (Richardson.) 
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Memoria  sopra  la  iiuova  tromba  faniculare  umiliata,  dal 
Can.  Carlo  CastellL  Milano.     1782. 

Fahre,  Essai  sur  la  mani^re  la  plus  avantageuse  de  construire 
les  machines  bydrauliques^  et  en  particuliere  les  moulins  a  bled. 
1783. 

Dissertation  de  M.  de  Parcieux,  sur  le  moyen  d'elever  I'eau 
par  la  rotation  d'une  corde  verticale  sans  iin<  Amsterdam  et 
raris.     1792, 

Theorie  der  wirziscfcen  spiral  pumpe^  erlUutert  von  Heinr* 
Nicander,     Schwed.  Abhandl.     I'tSS. 

Jac,  Bernoulli,  Essai  sur  une  nouvelle  macbin6  hydraulique 
propre  k  elever  de  reau,et  qu^on  peut  nommer  Machiae  Pito-* 
tienne.     Nov.  Act.  Acad,  Petrop.     1786, 

K.  Ch,  Langsdorf's  Berechnungen  uber  die  vorflieiBiaeftere 
benntzung  angelegter  sammelteiche  zur  betreibung  der  mach 
cbinen.     Act.  Acad.  Elect.  Mogunt.     1784,  1785. 

'Nicander* s  Theorie  der  spiral  pumpe.     1789. 

Nouvelle  architecture  hydraulique,  par  M.  Prony.  1790^ 
1796. 

A  short  account  of  the  invention,  theory,  and  practice  of  fire^ 
machinery;  or  introduction  to  the  art  of  making  macbinee 
vulgarly  called  steam-engines,  in  order  to  extract  water  from 
mines,  convey  it  to  towns,  and  jets  d'eaux  in  gardens ;  to  pre^^ 
cure  water-falls  for  fulling,  hammering,  stamping,  rolling,  and 
corn-mills,  by  W,  Blaket/,     1793.     (Egerton.) 

Hachette^  Trait6  61ementaire  des  machines.     1811. 

To  these  may  be  added  the  Transactions  of  the  Society  of 
Arts,  the  Repertory  of  Arts,  Nichalsonfs  Philosophical  Journal^ 
and  Tilloch^s  Philosophical  Magazine,  in  diflFerent  placies. 

HYDROMETEttS.     See  vol.  I.  arts.  401,  409. 

HYGROMETER,  or  hygroscope,  or  notiometer,  ah 
instrument  contrived  to  measure  the  humidity  of  the  air. 

The  instruments  hi&erto  invented  for  this  purpose  have  not 
been  attended  with  that  accuracy  which  there  was  reason  to  ex- 
pect  and  to  hope  for.  We  have  hygrometers,  it  is  true,  whicb 
indicate  that  the  air  has  been  more  or  less  moist;  but  thej 
have  often  this  fault,  that  they  indicate  a  greater  degree  of  moist* 
ure  than  really  exists  in  the  atmosphere :  beisides,  they  are  not 
comparable ;  that  is  to  say,  it  is  not  possible  by  their  means  tO 
compare  the  moisture  of  one  day,  or  of  one  place,  with  that  of 
another.  It  may  not,  however,  be  improper  to  describe  a  fev^ 
of  the  contrivances  of  this  kind,  if  it  bie  onhy  that  their  utility 
may  be  examined. 

1 .  As  fir  wood  is  very  susceptible  of  participating  in  the  dry- 
cess  and  moisture  of  the  atmosphere,  some  have  conceived  the 
idea  of  applying  this  property  to  the  construction  of  aa  hygro^ 
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flieter.  For  this  purposfe,  a  small,  vei^  thin  fir  board,  is  placed 
across  between  two  vertical  immoveable  pillars,  so  that  the  fibres 
stand  in  a  horizontaldireclion ;  for  it  is  in  the  lateral  direction, 
or  that  transversal  to  its  fibres,  that  fir  and  other  kinds  of  wood 
are  extended  by  moisture.  The  upper  edge  of  the  board  ought 
to  have  a  small  rack,  fitted  into  a  pinion,  connected  with  a 
wheel,  and  the  latter  with  another  wheel,  having  on  its  axis  an 
index.  It  may  be  easily  perceived,  that  by  these  means  the  least 
Aiotion  communicated  by  the  upper  edge  of  the  board  lo  the 
rack,  by  its  rising  or  falling,  will  be  indicated  in  a  very  sensible 
manner  by  the  index ;  consequently,  if  the  motion  of  the  index 
be  regulated  in  such  a  manner,  that  from  extreme  dryness  to 
extreme  moisture  it  may  make  a  complete  revolution,  the  divi- 
sions of  this  circle  will  indicate  how  much  the  present  state  of 
the  atmosphere  is  distant  fi'om  either  of  these  extremes. 

This  invention  is  ingenious,  but  it  is  not  sufficient.  The 
wood  retains  its  moisture  a  long  time  after  the  air  has  lost  that 
with  which  it  was  charged ;  besides,  die  board  gradually  be* 
comes  less  sensible  to  the  impressions  of  the  air,  and  therefore 
produces  little  or  no  effect. 

2*  Suspend  a  small  circular  plate  by  a  fine  string,  or  piece  of 
catgut,  fastened  to  its  centre  of  gravity,  and  let  the  other  end  of 
the  string  be  attached  to  a  hook.  According  as  the  air  is  more 
or  less  moist,  you  will  see  the  small  plate  turn  round  in  one  di- 
rection or  in  another. 

The  hygrometers  commonly  sold  are  constructed  on  this 

principle.     They  consist  of  a  kind  of  box,  the  fore  part  of 

which  represents  a  building  with  two  doors.     On  one  side  of 

the  metal  plate  which  turns  round,  stands  the  figure  of  a  man 

with  an  umbrella,  to  defend  him  from  the  rain,  and  on  the 

other  a  woman  with  a  fan.     The  appearance  of  the  former  of 

these  figures  indicates  damp,  and  that  of  the  other  dry,  weather. 

•This  pretended  hygrometer  can  serve  for  no  other  purpose  than 

to  amuse  children ;  for  the  philosopher  must  observe  that,  as  the 

•variations  of  humidity  are  transmitted  to  this  instrument  only  by 

degrees,  it  will  indicate  moisture  or  drought  when  the  state  of 

■the  atmosphere  is  quite  contrary. 

3.  Some  have  tried  to  construct  an  hygrometer,  by  making 
fast  a  piece  of  catgut  at  one  extremity,  winding  it  backwards 
and  forwards  over  different  pulleys,  and  suspending  from  its 
other  extremity  a  small  weight,  behind  which  is  placed  a  gradu- 
ated scale.  Others  dispose  the  extremity  of  the  catgut  in  such 
a  manner,  as  to  cause  it  to  move  an  index  round  a  graduated 
plate,  the  different  degrees  of  which  indicate  the  dryness  or 
moisture  of  the  atmosphere.  This  instrument,  however,  is  sub- 
ject to  the  same  inconveniences  as  that  before  mentipned. 
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4.  Put  into  one  sciale  of  a  balance  any  salt  th^t  attracts  t6a 
moisture  of  the  air,  and  into  the  other  a  weight,  in  exact  equi«^ 
Ifbrium  with  it.  The  scale  containing  the  salt  will  sink  dowa 
during  damp  weather,  and  thereby  indicate  that  such  is  the 
state  of  the  atmosphere.  An  index,  to  determine  the  different 
degrees  of  drought  or  moisture,  may  be  easily  adapted  to  it. 

This  instrument  however  is  worse  than  any  of  the  rest ;  for  a 
salt  immersed  in  moist  air  becomes  charged  with  a  great  deal  of 
humidity,  but  loses  it  very  slowly  when  the  air  becomes  dry: 
fixed  alkali  of  tartar  even  imbibes  moisture  till  it  falls  in  deli'* 
quium,  that  is  to  say,  till  it  is  reduced  to  a  liquid  or  fluid  state* 

5.  Music  may  be  employed  to  indicate  the  dryness  or  moisture 
of  the  air.  The  sound  of  a  flute  is  higher  during  dry  than  during^ 
moist  weather,  and  the  string  of  a  violin  exhibits  the  same  phe? 
nomenon ;  but  neither  of  these  can  shew  the  immediate  state  of 
the  air  in  regard  to  dryness  or  humidity. 

6.  M.  De  Luc's  contrivance  for  an  hygron^eter  is  on  thi^ 
principle.     Finding  that  even  ivory  swells  with  moisture,  and 
contracts  with  dryness,  he  made  a  small  and  very  thin  hollow 
cylinder  of  ivory,  open  only  at  the  upper  end,  into  which  is  fitted 
the  under  or  open  end  of  a  very  fine  long  glass  tube,  like  that  of 
a  thermometer.     Into  these  is  introduced  some  quicksilver,  filU 
ing  the  ivory  cylinder,  and  a  small  part  of  the  length  up  the  glasa 
tube.    The  consequence  is  this :  when  moisture  swells  the  iyory 
cyUnder,  its  bore  or  capacity  grows  larger,  and  consequently  th^ 
mercury  sinks  in  the  fine  glass  tube ;  and,  vice  versa,  when  the 
air  is  drier,  the  ivory  contracts,  and  forces  the  mercury  higher 
up  the  tube  of  glass.     It  is  evident  that  an  instrument  thus  coo- 
structed  is  in  fact  also  a  thermometer,  and  must  necessarily  be 
affected  by  the  vicissitudes  of  heat  and  cold,  as  well  as  by  those 
of  dryness  and  moisture ;  or  that  it  must  act  as  a  thermometer 
as  well  as  an  hygrometer.     The  contrivances  in  the  structure 
and  mounting  of  this  instrument  are  described  in  the  Philos^ 
Trans,  vol.  63,  art.  38 ;  where  it  may  be  seen  how  the  above 
imperfection  is  corrected  by  some  simple  and  ingenious  expe- 
dients, employed  in  the  original  construction  and  subsequeat 
use  of  the  instrument ;  in  consequence  of  which,  the  variations 
in  the  temperature  of  the  air,  though  they  produce  their  full 
eflects  on  the  instrument  as  a  thermometer,  do  not  interfere 
with  or  embarrass  its  indications  as  an  hygrometer. 

7.  In  the  Philos,  Trans,  for  1791,  M.  De  Luc  has  given  a 
secondpaper  on  hygrometry.  ^fhis  has  been  chiefly  occasioned 
by  a  Memoir  of  M.  De  Saussure  on  the  same  subject,  entitled 
Essais  sur  THygrometrie,  in  4to,  1783.  In  this  w^ork  M.  De  S# 
describes  a  new  hygrometer  of  his  construction,  on  the  follow- 
ing principle,.    It  is  a  known  fact  that  a  hair  will  stretch  wbea 
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k  is  inm^nedy  and  contract  when^ried:  and  M.  De  Sausciim 
ftwndy  by  repeated  experiments,  that  the  difference  between  the 
greatest  extension  and  contraction,  when  the  hair  is  properly 
prepared^  and  has  a  weight  of  about  3  grains  suspended  by  it,, 
IS  nearly  one  40th  of  its  whole  length,  or  one  inch  in  40.  Thia 
circamstance  suggested  the  idea  of  a  new  hygrometer*  To  ren- 
der these  small  variations  of  the  length  of  the  hair  perceptible^ 
an  apparatus  was  contrived,  in  which  one  of  the  extremities  of 
the  hair  is  fixed,  and  the  other,  bearing  the  counterpoise  above- 
mentioned^  surrounds  the  circumference  of  a  cylinder,  which 
turns  upon  an  axis  to  which  a  hand  is  adapted,  marking  upon  a 
dial  in  large  divisions  the  almost  insensible  motion  of  this  axis. 
About  12  inches  high  is  recommended  as  the  most  convenient 
and  useful :  and  to  render  them  portable,  a  contrivance  is  added^ 
by  which  the  hand  and  the  counterpoise  can  be  occasionally 
fixed. 

But  M.  De  Luc,  in  bis  Id6es  sur  la  Meteorologie,  vol.  i« 
anno  1786,  shews  that  hairs,  and  all  the  other  animal  or  vegeta* 
ble  hygroscopic  substances,  taken  lengthwise,  or  in  the  direc- 
tion of  their  fibres,  undergo  contrary  changes  from  different  va- 
riations of  humidity ;  that  when  immersed  in  water,  they  lengthen 
at  first,  and  afterwardis  shorten ;  that  when  they  are  near  the  great- 
est degree  of  humidity,  if  the  moisture  be  increased,  they  shorten 
themselves;  if  it  be  diminished,  they  lengthen  themselves  first 
before  they  contract  again.  These  irregularities,  which  render 
them  incapable  of  being  true  measures  of  humidity,  he  shews 
to  be  the  necessary  consequence  of  their  organic  reticular  struc- 
ture. De  Saussure*  takes  his  point  of  extreme  moisture  from 
the  vapours  of  water  under  a  glass  bell,  keeping  the  sides  of 
the  bell  continually  moistened ;  and  affirms,  that  the  humidity 
is  Aere  constantly  the  same  in  all  temperatures;  the  vapours 
even  of  boiling  water  having  no  other  effect  than  those  of  cold. 
De  Luc,  on  the  contrary,  shews  that  the  differences  in  humidity 
under  the  bell  are  very  great,  though  t)e  Saussure's  hygrometer 
was  not  capable  of  discovering  them ;  and  that  the  real  unde- 
composed  vapour  of  boiling  water  has  the  directly  opposite 
effect  to  that  of  cold,  the  effect  of  extreme  dryness :  and  on  this 
point  he  mentions  an  interesting  fact,  communicated  to  him  by 
!Mr.  Watt,  viz.  that  wood  cannot  be  employed  in  the  steam- 
engine  for  any  of  those  parts  where  the  vapour  of  the  boiling 
water  is  confined,  because  it  dries  so  as  to  crack  as  if  exposed 
to  die  fire 

To  these  charges  of  M.  De  Luc,  a  reply  is  ma.de  by  M.  De 
Saussure,  in  his  Defence  of  the  Hair  Hygrometer,  in  1788; 
where  he  attributes  the  general  disagreement  between  the  two' 
instruments  to  irregularities  of  M.  De  Luc's ;  arid  assigns  some 
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aberfatio'ns  of  his  own  hygrometer,  Mfhich  could  not  have  prb^' 
ceeded  from  the  above  cause,  but  to  its  having  been  oiit  of 
Order,  Sec. 

This  has  drawn  from  M.  De  Luc  a  second  paper  on  hygro- 
metry,  published  in  the  Philos,  TranS.  for  1791,  p.  1.  and  389. 
This  author  here  resumes  the  four  fundamental  principles  which 
he  had  sketched  out  in  the  former  paper,  viz.  1  st.  That  iire  is* 
a  sure,  and  the  only  sure,  means  of  obtaining  extreme  dryness. 
2d.  That  water,  in  its  liquid  state,  is  a  sure,  and  the  only  surey 
means  of  determining  the  point  of  extreme  moisture.  3d.  There 
is  no  reason,  d  priori^  to  expect  from  any  hygroscopic^  sub- 
stance, that  the  measurable  effects  produced  in  it  by  moisture 
are  proportional  to  the  intensities  of  that  cause.  But  4th,  per- 
haps the  comparative  changes  of  the  dimensions  of  a  substance^ 
and  of  the  weight  of  the  same  or  other  substances,- by  the  same 
variations  of  moisture,  may  lead  to  some  discovery  in  that  re-' 
apect.  On  these  heads  M.  De  Luc  expatiates  at  large  intfaia 
paper,  shewing  the  imperfections  of  M.  De  Saitssure's  principles 
of  hygrometry,  and  particularly  as  to  a  hair,<'or  any  such  aubstatice 
when  extended  lengthwise,  being  properly  used  as  an  hygrometer. 
On  the  other  hand,  he  shews  that  the  expansion  of  substances 
across  the  fibres,  or  grain,  renders  them,  in  that  respect,  by  far 
the  most  proper  for  this  purpose.  He  chooses  such  as  can  be 
made  very  thin,  as  ivory  or  deal  shavings,  but  he  prefers  whale- 
bone, as  far  the  best. 

The  preceding  general  description  of  the  principal  hygro- 
meters will,  we  trust,  be  sujflBcient  to  shew  that  great  imperfec- 
tion and  uncertainty  attends  the  use  of  any  of  them  ;  and,  at  the 
same  time,  to  justify  us  in  not  entering  more  into  detail  respect- 
ing the  construction  of  these  instruments. 

JACK,  an  instrument  in  common  use  for  raising  heavy  tim- 
ber, or  very  great  weights  of  any  kind ;  being  a  powerful  com- 
bination of  teeth  and  pinions,  and  the  whole  inclosed  in  a  strong 
wooden  stock  or  frame  bg,  and  moved  by  a  winch  or  handle  HP  ^ 
the  outside  appearing  as  in  fig.  5.  pi.  VIII.  In  fig.  6.  the  wheel 
or  rack  work  is  shewn,  being  the  view  of  the  inside  when  the 
stock  is  removed.  Though  it  is  not  drawn  in  the  just  propor- 
tions and  dimensions,  for  the  rack  a  b  must  be  supposed  at  least 
four  times  as  long  in  proportion  to  the  wheel  q,  as  the  figure 
represents  it ;  and  the  teeth,  which  will  be  then  four  times  more 
in  number,  to  have  about  3  in  the  inch.  Now  if  the  handle  HP 
be  7  inches  long,  the  circumference  of  this  radius  will  be  44 
inches,  which  is  the  distance  or  space  the  power  moves  through 
in  one  revolution  of  the  handle :  but  as  the  pinion  of  the  hanole 
has  but  four  leaves,  and  the  wheel  q  suppose  20  teeth,  or  5  time» 
the  number^  ihereifore  to  make  one  revolution  of  the  wheel  ^, 
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It  requires  5  turns  of  the  haudle,  in  which  case  it  passes  through 
5  times  44  or  220  inches :  but  the  wheel  having  a  pinion  r  of 
3  leaves,  these  will  raise  the  rack  3  teeth,  or  one  inch,  in  the 
same  space.  Hence,  tlien,  the  handle  or  power  moving  2^0 
times  as  fast  as  the  weight,  will  raise  or  balance  a  w  eight  of  220 
times  its  own  energy*  And  if  this  be  the  hand  of  a  man  who 
<^an  sustain  50  pounds  Weight,  he  will,  by  help  of  this  jack,  b6 
JEible  to  raise,  or  sustain,  a  weight  or  force  of  1 1000  lb.  or  about 
5  tons  weight. 

This  machine  is  sometimes  open  behind  from  the  bottom 
almost  up  to  the  wheel  q,  to  let  the  lower  claw>  which  in  that 
case  is  turned  up  as  at  b,  draw  up  any  weight.  When  the  weight 
is  drawm  or  pushed  sufficiently  high,  it  is  kept  from  going  back 
by  hanging  the  end  of  the  hook  s,  fixed  to  a  staple,  over  the 
Curved  part  of  the  handle  at  A. 

The  Society  of  Arts  rewarded  a  Mr.  Mocock,  of  South wark, 
S^ith  a  premium  of  20  guineas,  for  his  contrivance  to  prevent  a 
jack  from  taking  a  retrograde  course  whenever  the  weight  by 
any  accidental  circumstance  overbalances  the  power.  The  im* 
}>roved  jack  only  differs  from  those  in  common  use  in  this  re* 
spect,  mat  it  has  a  pall  or  clock,  and  ratchet,  applied  in  such 
manner  as  to  stop  the  motion  of  the  machine  as  soon  as  it  begins 
to  run  back  again.  As  the  difference  in  the  mechanism  is  very 
trifling,  the  improvement  may  be  easily  applied  to  any  common 
jacks  already  made. 

Jack  is  also  the  name  of  a  well-known  engine  in  the  kitchen, 
used  for  turning  a  spit.  Here  the  weight  is  the  power  applied, 
acting  by  a  set  of  pulleys ;  the  friction  of  the  parts,  and  the 
weight  with  which  the  spit  is  charged,  are  the  forces  to  be  over* 
come ;  and  a  steady  uniform  motion  is  maintained  by  means  of 
a  fly. 

The  cbmuion  worm-jack  is  represented  at  fig.  2.  pi,  XII, 

ABC  is  the  barrel  round  which  the  cord  qr  is  wound:   kl 

the  main  wheel,  commonly  containing  60  teeth,     n  the  worm 

wheel  of  about  30  teeth,  cut  obliquely,     lm  the  pinion,  of 

about  l/i,     o  the  worm  or  endless  screw,  coniiisting  of  two 

spiral  threads,  making  an  angle  of  60  or  70  degrees  with  its 

axis.     X  the  stud,  and  z  the  loop  of  the  worm  spindle,     p  a 

heavy  wheel,  or  fly,  connected  with  the  spindle  of  the  endless 

screw  to  make  the  motion  uniform,      dg   the  struck  wheel 

fixed  to  the  axis  fd.     s,  s,  £,  are  holes  in  the  frame,  by  wliich 

it  may  be  nailed  to  a  board,  and  thence  to  any  wall,  the  end  d 

"being  permitted  to  pass  through  it.     hi  the  handle  going  upon 

the  axis  et,  to  wind  up  the  weight  when  it  has  run  down,     k 

is  a  box  of  fixed  pulleys,  and  v  a  corresponding  one  of  moveable 

pulleys  carrying  the  weight.     The  axis  et  is  fixed  in  the  barrel 
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Ac,  which  axis  being  hollow,  both  it  and  the  barrel  torn  rodnd 
upon  the  axis  fd,  which  is  fixed  to  the  wheel  kl,  when  it  turns 
in  the  order  bta  ;  but  cannot  turn  the  contrary  way,  by  reason 
of  a  catch  nailed  to  the  end  ab,  which  lays  hold  of  the  cross- 
bars in  the  wheel  lk. 

The  weight,  by  means  of  the  cord  QR,1n  consequence  of  its 
descent,  carries  abput  the  barrel  ab,  which  by  the  action  of 
die  catch  carries  the  wheel  kl,  and  this  moves  the  pinion  lm 
and  wheel  n,  the  latter  moving  the  worm  o  and  the  fly  P* 
Also  the  wheel  lm  carries  the  axis  fd  with  the  wheel  dG, 
which  carries  the  cord  or  chain  that  goes  about  the  wheel  or 
pulley  at  the  head  of  the  spit.  But  when  the  handle  h  gives 
motion  to  the  axis  in  a  contrajy  direction  to  that  given  by  the 
weight,  the  catch  is  depressed ;  so  that  although  the  barrel  bc 
moves  and  winds  the  cord  upon  it^  the  wheel  dg  continues  at 
rest.  The  time  which  the  jack  will  continue  in  inotion  de^ 
pends  upon  the  number  of  pulleys  at  r  and  v :  and  as  these 
increase  or  decrease,  so  must  the  weight  which  communicates 
the  motion,  in  order  to  perform  the  same  work  in  the  same 
time.  / 

Smoke- JACK  is  an  engine  used  for  the  same  purpose  as 
the  common  jack ;  and  is  so  called  from  its  being  moved  by 
means  of  the  smoke,  or  rarefied  air,  ascending  the  chimney,  an$ 
striking  against  the  sails  of  the  horizontal  wheel  ab  (plate  XII« 
fig.  I.),  which  being  inclined  to  the  horizon,  is  moved  about  the 
axis  of  the  wheel,  together  with  the  pinion  c,  which  carries  the 
wheels  d  and  e  ;  and  £  carries  the  chain  f,  which  turns  the  spit. 
The  wheel  ab  should  be  placed  in  the  narrow  part  of  the 
chimney,  where  the  motion  of  the  smoke  is  swiftest,  and  where 
also  the  greatest  part  of  it  must  strike  upon  the  sails. — ^The 
force  of  this  machine  depends  upon  the  draught  of  the  chimney, 
and  the  strengtli  of  the  fire. 

Smoke-jacks  are  sometimes  moved  by  means  of  >spiral  flyers 
coiling  about  a  vertical  axle  ;  and  at  other  times  by  a  vertical 
wheel  with  sails  like  the  float-boards  of  a  mill :  but  the  above 
is  the  more  customary  construction. 

JOINT,  UNIVERSAL.  See  the  introductory  part  of  this  vo- 
lume. 

KNEADING-MILL,  is  a  contrivance  by  which  large 
quantities  of  flour  nnay  be  mixed  and  incorporated  into  dough. 

In  many  places  bakers  follow  the  disgusting  practice  of  knead- 
ing the  dough  with  their  bare  feet :  and  in  others  the  business  is 
efiiected  by  a  wooden  implement,  being  a  lever;  which,  fas- 
tened at  one  end  by  a  moveable  hinge,  is  worked  up  and  down 
so  as  to  press  and  knead  the  dough.  But  the  machine  we  are 
about  to  describe  is  fai*  preferable,  as  it  will  knead  the  dough 
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yerj  completety)  witb  a  great  saving  of  time  and  labour.  It  is 
fiiBbd  at  the  public  baking-bouses  of  Genoa,  and  was  first  de^ 
fcribed  in  the  Atti  della  Societa  Patriot ica  di  Milano,  vol.  II. 
.  A,  in  fig.  4.  pi.  XVIII.  is  a  frame  of  wood  which  supports 
jAie  axis  of  the  machine  :  a  wall  14  palms  high  from  the  ground 
jioay  be  made  use  of  instead  of  this  frame,  b  a  wall,  thre<9 
jpalms  and  a  half  thick,  through  which  the  aforesaid  axis  passes. 
C  another  wall  similar  to  the  former,  and  facing  it,  at  the 
distance  of  21  palms,  d,  the  axis,  thirty  palms  in  length,  and 
<me  palm  and  one-third  in  thickness.  £  the  great  wheel,  fixed 
to  the  said  axis,  between  the  frame  and  the  wall;  its  diameter 
is  28  palms ;  and  its  breadth,  which  is  capable  of  holding  two 
inen  occasionally,  is  five  palms,  f,  are  steps,  by  treading  oil 
^hich  the  men  turn  the  wheel  very  smartly;  they  are  two 

Ealms  distant  from  each  other,  and  one  third  of  a  palm  in 
dght.  G,  a  small  wheel  with  cogs,  fixed  almost  at  the  further 
extremity  of  the  axis :  its  diameter  is  12|  palni^s.  h  a  beam  of 
^ood  which  extends  from  one  wall  to  the  other;  being  21 
palms  in  length,  and  one  and  a  third  in  thickness.  A  similar 
beam,  not  seen  in  the  figure,  is  on  the  opposite  side  of  the  axis, 
if,  a  transverse  piece  of  wood,  placed  near  the  wall  c  ;  it  is  fixed 
into  the  two  beams,  and  serves  to  support  the  further  extremity 
pf  the  axis :  its  length  is  14  palms,  and  its  thickness  one  and  a 
third  :  there  is  likewise  a  transverse  piece  (which  cannot  be  seen 
in  the  figure)  14  palms  long,  and  half  a  palm  thick,  placed  close 
io  the  wall  B.  k  is  a  strong  curved  piece  of  oak,  fixed  trans* 
Tersely  in  the  sidebeams  h,  to  receive  the  axis  of  the  trundle : 
its  length  is  14  palms,  and  its  thickness  1|.  l  is  a  trun- 
cUe  of  5|  palms  in  diameter,  and  1^  in  height,  which  is  moved 
by  the  cogged- wheel  g.  m  is  an  axis  proceeding  from  the 
trundle  l,  and  continued  through  the  cross  H  to  the  bottom  of 
the  tub  p ;  its  centre  is  made  of  iron,  partly  square  and  partly 
round,  and  it  turns  in  a  socket  of  brass.  The  first  part  of  this 
iixis  between  the  trundle  l  and  the  cross  n  is  of  square  iron, 
Burrounded  by  two  pieces  of  wood,  held  together  by  iron  hoops, 
which  may  be  removed  at  pleasure  to  examine  the  iron  within ; 
ks  length  is  3  palms,  its  diameter  about  1  palm.  The  second 
Wrt  of  the  axis  which  is  within  the  tube,  is  made  like  the  first 
part:  its  height  is  H  palm,  its  diameter  1^.  The  wooden 
isheath  of  this  part  of  the  axis  is  fixed  to  the  bottom  of  the  tub, 
by  means  of  three  screws  with  their  nuts.  This  axis  is  distant 
one-third  of  a  palm  from  the  nearest  triangular  beater  of  die 
cross.  N  the  cro^s,  formed  of  two  bars  of  wood  unequally  di- 
Videdy  so  that  the  four  arms  of  the  cross  are  of  different  lengidbs : 
one  of  the  two  pieces  of  wood  of  which  the  cross  is  made,  is  6 
jftims  in  J^ogth^  the  other  5 :  dieir  thickness  is.  i^  of  a  palmy 
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and  their  breadth  1  palm,  o,  four  pieces  of  M'ood,  called 
beaterSf  of  a  triangular  shape^  fixed  vertically  into  the  extreme 
ties  of,  and  underneath^  the  arms  of  the  fore-mentioned  cross  i 
they  are  I7  palms  in  length,  and  half  a  palm  in  thickness  ;  and 
beat  or  knead  the  dough  in  the  tub  at  uij^qual  distances  from' 
the  centre,  p  is  a  stout  wooden  tub,  about  a  quarter  of  a  paim 
thick,  well  hooped  with  iron :  its  diameter  is  6  palms^  its  height 
1^  in  the  clear. 

Fig.  5.  is  a  box  or  trough  of  wood,  4  palms  long,  and  3  wide, 
in  which  the  leaven  is  formed  (in  about  an  hour)  in  a  stove,  and 
in  which  it  is  afterwards  carried  to  the  tub  p. 

Fig.  6.  exhibits  a  view  of  the  trundle,  cross,  &c.  with  a  section 
of  the  tub. 

Fig.  7.  is  a  bird's-eye  view  of  the  cross  and  tub,  with  the  upper 
ends  of  the  triangular  beaters. 

This  tub,  p,  will  contain  ISrubbi  (about  \9  bushels)  of  flour, 
which  is  carried  to  it  in  barrels :  th6  leaven  is  then  carried  to  it 
in  the  box  or  trough,  fig.  5.  and  when  the  whole  is  tempered 
with  a  proper  quantity  of  warm  water,  the  men  work  in  thQ 
wheel  till  the  dough  is  properly  and  completely  kneaded.  In 
general  a  quarter  of  an  hour  is  sufficient  to  make  very  good 
dough ;  but  an  experienced  baker  who  superintends,  determines 
that  the  operatioui  shall  be  continued  a  few  minutes  more  or  less^ 
according  to  circumstances. 

The  measures  in  the  preceding  description  are  given  iiv 
Genoese  palms^  each  ef  which  is  very  nearly  equal  to  9*85  of 
our  inches.  The  machinery  may  be  varied  in  its  construction 
according  to  circumstances,  and  the  energy  of  the  first 
mover  much  better  applied  than  by  men  walking  in  a  common 
wheel. 

LATHE)  a  very  useful  engine  for  the  turning  of  wood,  ivory, 
metals,  and  other  materials.  The  invention  of  the  lalbe  is  very^ 
ancient :  Diodorus  Siculus  says,  the  first  who  used  it  was  a' 
grandson  of  Daedalus,  named  Talus.  Pliny  ascribes  it  to  Theo- 
dore of  Samps ;  and  mentions  one  Thericles,  who  rendered  faim->' 
self  very  famous  by  his  dexterity  in  managing  the  lathe.  With 
this  instrument  the  ancients  turned  all  kinds  pf  vases,  many 
whereof  they  enriched  with  figures  and  ornaments  in  basso 
relievo.  Thus  Virgil :  "  Lenta  quibus  tornofacili  superaddita^ 
vitis/' 

The  Greek  and  Latin  authors  make  frequent  mention  of  thc> 
lathe ;  and  Cicero  calls  the  workmen  who  used  it  vascularis 
It  was  a  proverb  among  the  ancients,  to  say  a  thing  was  formed 
in  the  lathe,  to  express  its  delicacy  and  justness. 

The  common  lathe  is  composed  of  two  wooden  cheeks  op 
sideS;  paraUel  to  the  bodzao,  having  a  groove  oropenimg  b«t 
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Iween :  perpendicular  to  these  are  two  other  pieces  called /n//7- 
pets,  made  to  slide  between  the  cheeks^  and  to  be  fixed  down  at 
my  point  at  pleasure.  These  have  two  points,  between  which 
the  piece  to  be  turned  is  sustained :  the  piece  is  turned  round 
backwards  and  forwards  by  means  of  a  string  put  round  it^  and 
lastened  above  to  the  end  of  a  pliable  pole,  and  underneath  to  a 
Iredle  or  board  moved  with  the  foot.  There  is  also  a  rest  which 
bears  up  the  tool,  and  keeps  it  steady.  But  the  most  ingenious 
lathes  now  constructed  are  different  from  the  above :  we  shall 
describe  them  under  the  article  torn  inc. 

LENS  GRINDING  MACHINES,  have  been  invented  of  many 
different  kinds;  but,  since  it  has  been  admitted  that,  on  the 
wbole^  spherical  lenses  are  the  most  practically  useful,  the  con- 
struction of  lens-grinders  has  become  comparatively  simple.  One 
of  the  best  we  have  seen  was  invented  by  Mr.  Sam,  Jenkins^ 
and  described  in  No.  459.  vol.  xli,  of  the  Phil.  Transac.  It  is 
coutrived  to  turn  a  sphere  at  one  and  the  same  time  on  two  axes, 
cutting  each  other  at  right  angles,  and  will  produce  the  segment 
of  a  true  sphere  merely  by  turning  round  the  wheels,  without 
any  care  or  skill  of  the  workmen,  a  (fig.  1 .  pi.  XX.)  is  a  globe 
covered  with  cement,  in  which  are  fixed  the  pieces  of  glass  to 
be  ground :  this  globe  is  fastened  to  the  axis,  and  turns  with  the 
^heel  B.  c  is  the  brass  cup  which  polishes  the  glass :  this  is 
fastened  to  the  axis,  and  turns  with  the  wheel  D.  l^he  motion 
of  the  cup  c,  therefore,  is  at  right  angles  to  the  motion  of  the 
globe  A ;  whence  it  follows,  demonstrably,  that  the  pieces  of 
glass  ground  by  this  double  motion  must  be  formed  into  Xht 
jsegments  of  spheres. 

The  lever,  treated  as  one  of  the  mechanical  powers,  fell 
under  our  notice  in  book  I.  ch.  iii.  vol.  I.  where  the  theory  of 
the  various  kinds  of  levers,  whether  straight  or  bent,  was  laid 
down.     Our  present  object  is  to  describe  a  combination  of  the 
lever  with  the  axis  in  peritrochio,  by  means  of  which  the  reci- 
procating motion  of  the  lever  is  made  useful  in  giving  a  conti- 
nued rectilinear  motion  to  a  heavy  body,  without  changing  the 
situation  of  the  fulcrum  of  the  lever.     This  contrivance  is  de- 
scribed by  Belidor  (Archit.  Hydraul.  tom.  I.)  under  the  name 
of  ielevier  de  la  Garousse,  and  is  generally  called  in  England  the 
universal  lever,    foh  (fig.  2.  pi.  XX.) is  a  straight  lever,  whose 
centre  of  motion  is  g  :  on  its  extremity  p,  hang  two  bars  f1), 
^ATQierof  which  has  a  hook  to  catch  into  the  teeth  of 
^"^'"''•''iWthe  latter  has  its  end  slightly  bent,  so  as  ^o 
parts  of  those  teeth.     ITie  axle  a  has  a 
it,  to  the  lower  end  of  which  is  attachecl 
»^  w  suppose  the  end  h  of  the  leyer  raised 

^  the  other  end  descends  from  F  to  B;'the 
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49ar  F£  will  dien  pusb  the  pomt  s  of  the  ^ heel  from.B  to  c, 
"while  the  hook  D  slides  over  an  equal  space  oa  the  other  side 
of  the  ^wheel.  After  this^  on  the  end  h  of  the  lever  being 
brought  down  ggain  by  i  to  h^  thp  end  f  ascends  through  uf, 
and  the  hook  d  raises  up  the  left  hand  side  of  the  wheel 
through  a  space  equal  to  £C*  Thus  the  reciprocating  motion 
of  the  lever  is  made  to  communicate  a  continued  rotatory 
motion  to  the  wheel,  and  consequently  to  raise  the  weight  w 
suspended  from  its  axle  by  the  cord.  Here  the  advantage 
gained,  neglecting  friction  and  the  stiffness  of  the  cord,  will  be 
in  the  ratio  compounded  of  the  ratio  of  hjG  to  gf,  and  the  ratio 
of  the  radius  of  the  wheel  to  that  of  the  axle.  Thus  if  H  ^ 
were  10  times  gf^  and  the  radius  of  the  wheel  10  times  that  of 
the  axle,  the  power  wopld  then  hp  to  the^weight  raised  nearly  a^ 
1  to  100.       ^ 

This  machine  has  been  advantagepusly  applied  in  drawing 
heavy  loads  along  a  plane  nearly  horizontal :  in  that  case,  th^ 
cord  has  been  carried  from  A  in  nearly  an  horizontal  ^ijrectioQ, 
passed  round  a  pulley  p,  attached  to  the  load  w  or  its  carrjiage, 
and  its  end  fixed  to  a  post  as  at  a,  or  perhaps  to  the  frame  o^ 
the  wheel  and  axle.  The  pulley,  it  is  obvious,  almost  doi|b]e^ 
the  advantage  of  the  power ;  and  since  the  forice  to  be  oy<&rcom^ 
when  once  the  system  is  put  in  motion  is  not  equival^pt  to  the 
whole  load  w,  but  merely  to  the  friction,  and  the  rigidity  of  this 
rope,  a  very  great  weight  may  be  moved  in  this  manner  by  a 
comparatively  small  power.  If  the  levef  have  another  arm  tq 
the  left  of  G  (as  it  appears  in  the  figure)  equal  to  gh,  a  man 
may  then  work  at  each  end,  either  by  pressing  upon  it  or  bj 
pulling  downwards  with  a  cord;  and  thus  the  labourers  will 
alternately  relieve  each  other.  Sometimes  a  hearts  wheel  ha^ 
been  combined  with  this  universal  lever :  but  it  is  not,  we  thinks 
a  combination  to  be  recommended  in  practice. 

If  the  centre  of  motion  g  were  vertically  above  the  centre  of 
the  wheel,  and  if  another  bai*  and  hook  similar  and  equal  in 
length  to  FD  hung  from  the  point y*^a  being  equal  to  gf  ;  these 
two  hooks  would  then  catch  alternately  into  the  teeth  pa  th^ 
rising  side  of  the  wheel,  and  thus  produce  the  continued  rott^ 
tory  motion  :  but  this  construction  has  a  practical  disadvantagf^ ; 
for  when  both  bars  work  on  the  same  side  of  the  wheel,  tnej 
will  be  in  great  danger  of  catching  together  and  impeding  eaqfi 
other's  motions. 

Universal  levers  have  long  been  introduced  into  s^w-miUs,  for 
the  purpose  of  drawing  along  the  logs  to  be  sawn*  See  saw- 
mill, also  PIPE-BORER. 

LIFT  TENTER.    See  Governor.  ^ 

LINT-MILL.    See  Flax-mill.  ^ 
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LOADING  AND  UNLOADING  MACHINE^  BO  invention  of 
Mr.  6.  Davis,  of  Windsor,  for  the  purpose  of  removing  pon- 
derous substances  to  or  from  waggons,  8Cc.  with  safety  and  con- 
venience. This  portable  machine  is  represented  in  fig.  6.  pi.  XV. 
where  a  is  the  winch  turning  the  bar  b,  on  which  are  two  end- 
less so^ws;  or  worms  cc,  that  work  in  the  toothed  wheels  dd. 
rrhese  wheels  are  fixed  to  the  barrels  ee,  round  which  the  ropes 
^F  coil^  wind  up,  or  let  out  the  same  occasionally :  the  ropes 
pass  over  the  pulleys  gg  ;  are  brought  round  ;  and  their  ends^ 
being  fiimished  with  hooks  for  that  purpose,  are  hitched  into 
staples  fixed  to  the  front  of  the  cart,  or  other  carriage.  Within 
these  ropes,  the  load  h  is  placed  on  a  common  step-ladder  i, 
that  forms  an  inclined  plane,  up  which,  by  turning  the  winch^ 
the  ropes  are  wound  upon  the  barrels ;  and  thus  the  load  is 
raised  into  the  carriage. 

KK,  the  frame,  intended  to  shew  the  part  of  the  cart,  or 
Other  carriage,  on  which  the  machine  is  to  be  occasionally 
placed. 

The  whole  of  the  barrels  and  cogged  wheels  are  contained  In 
Sm  iron  box  l  ;  the  sides  of  which  are  represented  in  the  plate,  as 
taken  ofi;  in  order  that  the  arrangement  of  the  different  parts 
may  be  better  conceived. 

The  puUejs  on  the  stage  (gg)  may,  in  most  cases,  be  affixed 
to  die  machine  itself;  which  is  adapted  to  every  direction,  and 
ivill  suit  carriages  of  every  construction. 

The  model  corresponding  to  the  present  engraving  is  made  on 
ihe  scale  of  about  four  inches  to  a  foot ;  and  the  inventor  states, 
diat  it  will  raise  upwards  of  five  cwt. — He  is  therefore  confi- 
dent, that  hb  machine,  when  constnicted  of  its  intended  ^ize, 
will  be  capable  of  loading  a  ton  weight  by  one  man  only ;  and 
diat,  even  upon  this  enlarged  plan,  it  does  not  exceed  1 12lb.  in 
weight. 

TTie  Society  of  Arts  in  1797.  awarded  40  guineas  to  Mr. 
Dara,  for  thb  useful  invention. 

LCK3K,  a  well-known  instrument  used  for  fastening  doors, 
chests,  &c.  generally  opened  by  a  key.  The  lock  id  reckoned 
Ae  master-piece  in  smithery ;  a  great  deal  of  art  and  delicacy 
being  required  in  contriving  and  varying  the  wards,  springs^ 
bolts,  &c.  and  adjustmg  them  to  the  places  where  they  are  to  be 
iised,  and  to  the  several  occasions  of  using  them.  From  the 
various  structure  of  locks,  accommodated  to  their  different  in- 
tentions, they  acquire  various  names.  Those  placed  on  outer 
doors  are  called  stock-locks ;  those  on  chamber-doors,  springs 
hcks;  those  on  trunks,  irunk^locks,  padlocks,  8cc. — Of  these  the 
spring-lock  is  the  most  considerable,  both  for  its  frequency  and 
the  curiosity  of  its  striicture.    Its  principal  parts  are^  die  main- 

^Qh*  II,  .         .     s 
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plate,  the  c6ver-p)ate,  and  the  pin-hole :  to  the  main-plate  belong 
the  key-hole^  top-hook,  cross-wards,  bolt-toe  or  Jbolt-knab^  draw- 
back-spiin^  tumbler,  pin  of  the  tumbler,  and  the  staples ;  to  the 
cover-plate  belong  the  pin,  main-ward,  cross-ward,  step-ward, 
or  dap-ward ;  to  the  pin-hole  belong  the  hook-ward,  main  cross- 
wardf  shank,  the  pot  or  bread  bow-ward,  and  bit. 

.The  principle  on  which  all  locks  depend  is  tlie  application  of 
a  Ifever  to  ait  uiteirior  bolt,  by  means  of  a  commumcation  from 
Without;  so  that,  by  means  of  the  latter,  the.  lever  acts  apon 
me  bplt,  and  moves  it  in  such  a  manner  as  to  secure  the  lid  or 
door  |rom  jbeing  opened  by  any  pull  or  push  from  without.  TIm 
Security  of  locks  ni  general  therefofe  depends  oq  the  numbcx  of 
I^ipeaimeiits  we  can  interpose  betwixt  the  lever  (the  key)  and 
the  bolt  which  secures  the  door ;  and  th^se  impediments  are  well 
known  by  the  name  of  wards,  the  number  and  intricacy  of 
wnich  alone  are  supposed  to  distinguish  a  good  lock  frpm  a  bad 
One.    IF  these  wards,  however,  do  not  in  an  effectual  mamier 

Ereclude  the  access  of  all  other  instruments  besides  the  prc^r 
ey,  it  is  still  possible  for  a  mechanic  of  equal  skill  with  tne  lock- 
maker  to  open  it  without  the  key),  and  thus  to  eliide  the  labour 
of  thiB  other.  ,  u.    i 

The  excellei^e  of  locks  consists  in  the  security  they  anolti ; 

Slid  as  numberless  schemes  are  continually  brought  fon^ard^by 
esigning  men,  to  eluae  eVery  contrivance  of  the  most  in|^ 
nious  mechanios,  the  invention  of  a  durable  lock,  so  constructed 
as  to  render  it  imf^ossible  for  any  person  to  open  it  wdtliout  ita 
proper  key,  has  ever  been  an  object  of  considerable  importance. 
In  the  year  1784  the  Society  for  the  MncourfLgemen^  of  ArtSy 
8lc,  conferred  their  silver  medal  on  Mr.  Taylor,  of  Petworth, 
for  his  iqnprovement  on  the  latch  or  spring-bolts  of  common^ 
locks.  This  is  effected  by  simply  Reversing  the  tumbler,  so  that 
its  curved  side  acts  against  two  stubs  fixed  on  the  tail  of  die  latcb^ 
and  thrusts  back  the  latter  with  eas^ ;  whether  tne  knob  he 
turned  to  the  right  or  to  the  left,  when  tne  lock  is  opened. 
Mr.  Taylor  has  also  behind  the  tail  of  the  latch  fixed  a  guide 
containing  a  groove,  in  which  rUns  a  ^msll  frictioii^wheely  that 
serves  to  keep  the  latch  in  itd  direct  situation,  and  at  the  same 
time  to  ditniiusti  its  friction  :  the  arins  of  his  tumbler  ^re  some-« 
what  contracted,  in  order  tnat  the  latch  or  spring-bolt  may  move 
with  greater  faqiTity.  By  this  constructiou,  3ie  parts  of  ine 
tumbler  and  latph,  which  are  in  contact,  move  in  a  line,  so  that 
they  pass  over  the  greatest  space^  under  the  sniallest  angle ;  and, 
the  lock  itself  may  be  constantly  used  Ifor  several  years  without^ 
requiring  the  application  of  oil. 

.  Various  patents  have  been  obtained  for  the  constructioii  o^ 
locks;  so  as  to  preveht  thepbs&ibiiity  pf  picking  them  :^et^ia^ 


cipal  of  these  19  Mr.  Bramah's,  registered  in  1784 ;  and  Mi*. 
Spears'^y  in  17^5  :  but  as  the  account  of  those  inveiltidns 
wohid  be  unintelligible  without  the  aid  of  several  engravings, 
the  curious  reader  will  consult  the  5th  and  8th  vols,  of  the 
Rtpertory  of  ^  Arts  and  Manufactures,  where  they  are  minutely 
specified. 

MANGLE,  a  valuable  domestic  machine,  employed  for  the 
pBfpose  of  smoothing  such  linen  as  cannot  be  conveniently 
ihmed. 

.  Various  patents  haVe  been  granted  for  improvements  in  this 
machinery:  but,  as  many  of  them  are  too  complicated  to  b6 
Understood  without  verj'  tedious  details,  we  have  annexed  the 
figures  in  pi.  XII.  representing  an  improved  mangle  contrived 
by  Mr.  Jee^  of  Rotherliam ;  to  whom  the  Society  for  the  En* 
couragcmcnt  of  Arts,  fee.  in  1798,  voted  their  silver  medal,  for 
the  ingenuity  displayed  on  that  occasion. 

The  following  is  a  description  of  Mr.  Jee's  improved  mangle : 
•  A  (fig.  5.)  joints  out  the  great  wheel,  which,  in  machkiesr 
of  ia  fuu  size,  \^\5  inches  in  diamet^.  b,  the  arbor,  on  whiek 
fie  nut,  c,  is  fixed,  d,  the  handle  of  the  winch. :  e,  the  cmnk, 
^  ^1  inches  in  length,  f,  ihe  rod  of  the  crank.  GO,  repr^sentd 
the  haHow  studs,  by  which  the  ends  of  the  bed  are  lifted  up. 
HB^the  levers,  iiii,  tlie  fbiir  pulleys  fixed  on  the  moveable  bed 
K.     LL,  tde  ends  of  tbe  rollers. 

Fig.  6.  represents  a  front  view  of  one  of  the  hollow  studs 
4,  to  shew  its  form,  when  standing  at  the  i&nd  of  the  bed; 
and  into  which  the  levers  enter  alternately,  as  often  as  it  be- 
<OBcre8  necessary  to  elevate  the  bed,  in  order  to  put  in,  or  take 
out,  the  rollers. 

Mr.  Jee's  mangle  is  so  constructed,  that  the  handle  required 
to  be  turned  one  way  only,  in  consequence  of  which  the  ma- 
chine moves  virith  greater  facility,  and  with  incomparably  less 
kjnry  to  the  linen,  than  by  varying  the  turnings,  and  in  a  man- 
n^'  cutting  the  different  foflds.  Besides,  it  possesses- the  great« 
ildvantage^  that  a  woman  and  one  boy  are  sufficient  to  work  it, 
and  can  .perform  as  much  labour  in  the  same  period  of  time 
as  three  or  fbur  person^  with  mangles  of  the  comtnon  constmc- 

tton.  ■'■.■''' 

Mr.  J.  S.  Morrises  patent  mangle  (specification  datied  Feb. 
1868)^  being  compact  and  moderately  simple,  may  ^ere  be* 
'  (described. 

This  mangle  is  constituted  of  four  borizdntal  rollers,  the  pi- 
tots  of  which  play  on  suitable  supports  iiX  a  stoot  wooden  frame- 
put  together  with  bed-Screws.  To  avoid  ciicumlocution,  we 
*all  denote  tbese  four  rdlters  by  thi  lettei's  a,  b,  c;  d.*  The 
two  roHefs  a  atid  b,  ^hole  akles  bear  on  bra«s  er  iron^  let  into 
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the  wooden  frame,  dre  posited  side  by  side,  but  ootso  a$  to  toacfa* 
c  is  a  moveable  roller,  about  which  the  linen  or  elotb  to  be 
mangled  is  rolled,  and  it  is  then  placed  upon  the  rollers  a  anil 
B,  so  as  to  lie  in  part  between  diem.  The  axis  of  the  fourth 
roller  d  works  in  pieces  of  brass  or  iron,  which  slide  betweeri 
two  other  pieces  of  metal,  so  that  this  roller  i>  admits  of  eleva^ 
tion  and  depression,  by  mean»  of  a  lever  .working  upon  a  hori* 
zontal  shaft  {2X  the  top  of  the  frame),  and  chams  of  suspen- 
sion. The  pieces  of  metal  in  which  the  axle  of  the  roller  d  ruov 
have  long  verticalpie€es  of  iron  attached  to  them,  so  as  to  reach 
below  all  the  rollers }  and  to  hooks  at  the  lower  extremities  of 
these  irons  are  hung  chains  carrying  either  a  rectangular  plat- 
form loaded  with  weights,  or  a  rectangular  box  containing 
stones  or  other  ponderous  matter. 

In  using  this  machine,  the  lever  is  pressed  down  and^ fastened, 
by  a  hook ;  by  this  process  the  roller  d,  and  platform  below  ally' 
is  elevated  \  dien  the  linen  to  be  smoothed  is  wrapped  about  the 
roller  c,  which  is  next  laid  to  rest  between  the  rollers  ▲  and  b. 
The  lever  i»  then  freed  from  the  hook  which  kept  it  down,  api, 
the  action  of  the  ponderous  matter  on  the  platform  brings  the 
roller  d  into  contact  with  the  roller  e  :•  in  this  state  a  rotatory 
motion  is  applied  to  all  the  rollers  by  means  of  a  winch  fixed 
to  the  axle  of  d  ;  and  in  a  short  time  the  pressure  of  the  roller 
c,  against  A,  B,  and  d,  will  give  the  requisite  smoothness  to  the. 
linen. 

The  patentee  says,  .this  machine  will  act  best  with  a  wheel  on 
the  axis  of  each  of  the  cylinders  a  and  B,  and  a  pinion  between 
them,  with  a  fly-wheel  on  the  axle  of  the  pinion,  to  which  mo- 
tion being  given,  all  inequalities  of  pressure  will  be  conquered 
with  great  ease.  This  machine  is  not  confined  to  mangling  only;, 
but  may  be  used,  with  success  as  a  copper-plate  printing  press,^ 
a  letter-copying  machine,  &c.     {Retrospect ^  No.  15.) 

The  machine  at  MARLY,  being  so  much  celebrated,  on  ac- 
count of  its  magnificence  and  the  multiplicity'  of  its  parts,  we 
ahall  here  give  some  account  of  it,  with  a  few  remarks  upon  it» 
construction^ 

ITiis  machine,  which  was  erected  by  one  Rannequirif  of  the 
country  of  Liege,  and  began  to  work  in  1682,  is  situated  be- 
tween Marly  and  the  village  de  la  Chaussee:  in  that  place  the 
river  is  barred  up,  partly  by  the  machine  and  partly  by  a  dam 
which  keeps  up  the  water ;  but  that  the  navigation  may  not 
be  interrupted,  two  leagues  above  Marly  a  canal  has  been  cut 
for  the  passage  of  boats  and  barges :  there  has  also  been  erect- 
ed (about  30  fathoms  from  the  machine)  a  contrivance  called 
an  ice-breaker,  to  prevent  floating  pieces  of  ice  or  timber  whick 
come  down  the  stream  from  damaging  the  machine ;  and  the 
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better  to  secure  the  penstocks  and  the  channels  in  which  the 
^heds  move,  there  is  a  grate  of  timber  to  stop  whatever  may 
,'come  through  the  ice-breaker. 

The  water  is  raised  to  its  destined  height  by  means  of  14 
•wheels  virhich  serve  to  work  the  pumps,  by  three  different  stages: 
'first,  from  the  river  to  a  reservoir,  at  the  elevation  of  160 
English  feidt  above  the  level  of  the  Seine;  then  ito  a  second  re* 
flervoir,  346  'feet  higher ;  and  from  the  Jatter  to  the  summit  of  a 
tower  rather  more  than  5S3  feet  above  the  river. 

The  breadth  of  the  machine  comprehends  14  jets,  or  water* 
><courses,  shut  by  sluices  or  penstocks,  which  are  ndaed  and 
flepressed  by  racks;  and  in  each  of  these  jets  b  placed  a  wheel: 
these  wheels  are  disposed  on  three  Fmes;  in  the  first,  on  the 
^de  which  points  up  the  stream  there  are  seven^  six  in  the 
second,  and  only  one  in  the  third. 

The  ends  of  the  axle  of  each  wheel  go  beyond  their  bearing* 
pieces,  and  are  bent  into  a  crank,  which  makes  a  lever  of  two 
.feet;  and  it  is  to  be  observed,  that  the  crank  which  is  towards  the 
^aiountaiu  .^ucks  andJifts  up  the  water  of  the  river,  to  drive  it 
into  the  first  cistern,  and  the  other  crank  gives  motion  to  die 
.Imlances. 

Six  of  the  wheels  qn  the  first  line  give  motion  by  one  of  their 
cranks  to  an  engine  of  eight  pumps,  without  reckoning  the 
ieeder:  these  engines  are  compounded  of  a  regulator,  at  each 
end  of  which  hangs  a  square  piece  of  wood,  that  carries  and 
^directs  four  pistons ;  the'jregulatQr  is  put  in  motion  by  two  beams 
or  leaders,  one  of  which  lying  along  answers  to  the  crank  of  the 
yKheel  and  a  vertical  reg\iilator,  and  the  other  hanging  down  is 
united  to  the  same  regulator  and  to  the  ba)^nce. 

Of  Ae  six  wheels  we  have  mentioned,  there  are  fi.ve  which  by 
Aevr  other  crank  give  motion  to  the  pumps  that  work  in  the 
cistern  of  the  first  lift/  by  means  of  horizontal  levers  and  chains 
that  communicate  the  motion.  The  sixth  wheel,  which  is  the 
first  towards  the  dam,  moves  a  long  cha^nthat  works  the  pumps 
of  one  of  the  wells  of  the  upper  cistern^  which  is  called  the 
cistern  of  the  great  chevalets.  Each  of  the  cranks  of  the  seventh 
wheel  of  the  first  line  moves  a  chain  which  goes  to  the  first 
cistern. 

The  six  wheels  of  the  second  Une  move,  by  each  of  their 
cranks,  a  chain  that  goes  to  the  upper  cistern,  which  (reckoning 
the  chain  that  corner  firom  the  sixth  wheel  of  the  first  line) 
makes  13  chains,  lliese  chains  go  over  one  of  the  cisterns  of 
4he  first  lift;  and  five  of  them  at  the  same  time  give  motion  to 
the  pistons  of  thirty  pumps^  whilst  the  other  chains  go  on  stiraight 
po  tbe  upper  cisterxu  j 
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LisUy^  tfae  Wheel  which  is  on  the  third  l^ine,  by  each  of  it| 
eranksy  work?  an  engine  of  eigh|  sucking  and  lifting  puipps,  djo^ 
of  itself  supplies  one  conduit  pipe*  .     •     ; 

The  seven  chliins  of  die  wheels  of  the  first  iise  in  going  along 
MTork  also  eight  sucking  pumps  placed  a  little  Wow  jthe  pisteni 
of  the  first  lift,  because  in  that  place  there  a^^  th^  ni'atersof  a  ^ 
eonjsiderable  spring  brought  thithej-  by  aif  aqueduct;  and  thef^ 
tame  chains  take  up  that  water  .the  (ie€on4  tira^  to  force  it  bjT 
49  pumps  into,  die  upper  reservoir,  through  tw^  conduit  pip^ 
of  eight  inches,  and  three  others  of  sis  ioi^bes  di^meipr.  The 
Ihirty  pumpa  of  tbe  eistern  of  tii^  first  lift  dinve  their  water  also 
ibroligh  two  pipes  of  eight  iticbes  diameter^  which  ic^rry  it  int^ 
the  upper  cistern..:      "  •  '   .c 

The  .water  praised  at  the  two  cisterns  in  the  way  .up  ibe  bltf 
discharges  itself  into  a  great  rBservoifi  and  thence,  by  two  coii^ 
4itiit  pipes  of  a  foot  diameter  eacb>  it  itins  into  i^fiefvoins  or 
iromnunicatioH  to  be.distributed  kito  the  several  wells  or  litM^ 
icist^ms  of  the  upper  cistern,  whence  it  is  raised  by  82  pump^, 
ihrough  6 .  conduit  pipes  of  8  inches  diameter,  up  into  tb^^ 
itetwer  which  answers  to  the  If  queduQt, 

The  eight  gre^t  chains  that  go  straight  to  the  upper  cistepi» 
without  moving  any  ei^ines  by  the  way,  work  16  pumps  be^ 
idiid  the  upper  cistern,  to  bring  back  int0  the  reservoir  of  tibe 
aaid  cistern  the  watet  whicb  is  loet  out  of  the  six  pipes  that  p} 
pothe  tower.    :  ... 

The  eight  enginea  wiucfa  suck  a«d  lift  t^ie  water  from  #ie 
rivir  contain  64  pumps :  jihe  two  cisterns  in  the  way  up  the  Hitt 
together  contain  79  pumps,  and  tbe  upper  cisterns  62,  *tP  wbipb 
adding  the  sucking  pujmps  called,  feedicrs,  and  the  8  others  ^^rhiob 
^e'beiowthe  midwiay  cistern,  and  besides  the  16  pumps  whicH 
we  meabboned  as  placed  behind  the  i^per  ci^rn,.  the  uacfaiiie 
has  in  all  353  putops.   '  ."  ■  > 

The  basin  of  tbe  tower  -which  receives  ifae  water  raised  Aram 
tbe  river,  and  ^i^pplies  the  aqueduct,  is  ^10  fathoms  distsbi 
itoai  the  rhref.  The  water  having  run  aJong  an  aqneductof  36 
ttrdies  is  separated  iiito  diffierfent  conduits  wbioh  lead  H  to 
Marly,  and  formeHy  conveyed  it  also  to  Versailles  and  Trianpii* 

Such  is  the  mecdanismi  of  the  machine  of  Marly.  Its  mcmh 
prodttce  is  from  30000  to  iAOOQO  gallons  of  water  per  bour. 
We  say  iman  prodnoe,  because,'  under  certain  fayourabie  <:ir- 
cmnstances,  it  raises  more  tiian  ^OOpO  gallons  per  hour.  But 
^iurrng  inufidationa,  ot^beo  the  Seine  is  frozen,  wheii  die  m^ater 
is  very  low,  or  wbien  any  Impairs  are  making,  &e  macbine  st0^s 
.  in  ffreat  measure,  if iUDteiilirely.  v^ 

The  annual  expense  of  ^the  macliine^  iackiding.  the 
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pf  ^o$e  who  superjiptefld  it^  and  the  wages  of  the  workmei} 
eGftMOjwd^  together  with  repairs^  necessary  articles^  8cc.  ma; 
9,qj^>unt  to  about  33()0/.  sterling,  or  9/.  per  day:  which  niake| 
al]|OMJt  \  farthing  for  90  gallons.  Or,  taking  into  the  accouQj| 
nje  ipterest  of  333000/.  the  original  expense  of  erection^  90 
ga]]k>n8  will  post  three  halfpence^  which  is  at  the  rate  of  a  far* 
Simg  for  15  gallons.^ 

Whoevef;  has  an  opportunity  of  exfiminm^  this  machine^  or 
j^Tuses  attentive!^  the  minute  account  of  it  given  by  Belidor  m 
m9  second  volume,  will  be  convinced  that  Kannequin  w^s  an 
i^eniou^  practical  fnechanic,  but  no  mathemsi^ician  pr  phiJoscM 
pner.  I^  sevieral  positions  the  moving  forces  ^ct  unqecessanlj 
<^^^ueiy^  which  occasions  a  great  loss  of  povv:er|  and  renders 
tjus  machine  less  effectfiah  About  \^  of  the  whole  moving  power 
or  some  of  the  water-wheels  are  employed  in  giving  a  recipro- 
cs^jz.  ipotjpn  to  a  set  of  rpdp  and  chains,  \i^hicb  extend  from  the 
lyb.^eT^  to  the  cistern  nearly  threp-fourths  of  a  mile  distant,  wher* 
they  wor)[  a  set  of  pumps.  By  such  injudicious  construction,  this 
engine  is  no  less  a  monument  of  ignorance  than  of  magnifil 
i^ce. 

it  is  probable  Rannequin  thought  bis  moving  force  would  not 
be  sufficient  to  faise  the  water  to  the  height  pf  533  feet,  at 
oqce;  but  this  is  not  agreeable  to  theory:  for  a  proper  calcina- 
tion would  shew  that  the  force  of  one  crank  is  more  than  syifS- 
pient  to  raise  a  cylinder  of  water  of  that  altitude,  and  abovi^  ^ 
inches  in  diameter.  To  effect  this  with  safety,  however,  tlif 
construction  of  the  machine  must  be  varied  in  several  respect^, 
^liteven  according  to  the  present  construction,  the  water  ^k;h^t 
]b€  raised  in  one  jet  to  the  second  reservoir.  This  is  n^niie^ 
^om  two  experiments,  one  made  in  1738  and  the  oth^r  in  I'T'/j. 
in  the  first  M.  Camus  endeavoured  to  make  i^e  water  rise  ip 
QOe  iet  to  the  tower;  his atteqipt  was  not  attended  with  $uccess^ 
]t?ift]^e  made  the  water  rise  to  the^qo^  pf  tl^e  tower,  which  j^ 
jCpn$iderably  higher  than  the  second  reservoir.  During  thii^ 
fijfP^rimcnt  the  machine  >vas  prodigiously  strained,  and.it  yvs^ 
foinid  necessary  to  secure  sqme  parts  of  it  y/ith  chaips.  The 
pbiect  pf  the  second  trial,  made  in  1775,  was  to  rai^e  the  water 
pi]]y  ^o  the  second  yirell.  It  indeed  ascended  thither  at  different 
^m<^$9  wd  in  abi{i}dai)c.e:  but  the  pipes  were  exceedingly 
«.)r^ined  ^t  Jfae  jbpttpin,  99  that  several  of  thep  bvir^t;  and  )t 
Ifps  necessary  to  sii^pepd  siiid  recommeppe  the  experiment 

*  This  is  very,  far  from  the  price  which  the  king  of  Denmark  thought 
he  mig;ht  set  on  this  water;  for  that  prince>  when  he  visited  Marly  in  17%» 
Dcing  astonished  at  the  iixunense  magnitude  of  the  machine,  the  muUipli- 
^fy^.f  its  pipveinei^is^  and  the  number  of  worj^men  it  employ^,  coiyec« 
^ed  that  ^e  yr^ix^t  jpi^\Kkh\j  ^qit  f$  ^ti^h  ae  wine. 
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several  times^  lliis  however  ^rose  from  the  wfgt  qf  die  tabfei 
and  their  want  of  strengtli^  a  fault  which  might  easily  hav^ 
been  remedied.  Hence,  it  results  from  this  trial,  that  the 
phains  which  proceed  from  the  river  to  the  first  well  might  be 
8uppressed|  togetther  with  the  first  well  itself:  and  tliisperh^>8 
is  all  that  is  to  be  ei^pec'ted  without  a  complete  change  in  the 
machinery.^ 

MILL;  properly  denotes  a  machine  for  grinding^  or  p^U 
verising  'substances,  as  com,  Sec;  but,  in  a  more  general  signt^ 
^cation  is  how  applied  to  many  machines  whose  action  arises  in 
ereat  measure'  from  a  circular  motion.  Of  these  there  are 
various  kindis  described  in  different  parts  of  this  volume,  as 
^ark-mill^  Barker^s-mill,  f^lax-millj  Flopr-niil/,  Foot-mill, ' 
JTand-millf  Kneadtjtg-mill^  Oil'tnill^  Paper-^ill,  $atsHmU^ 
"Tide-mill^' Water-mitt fh^c. 

As  a  well-rcons^ucted,  yet  cheap,  family-mill  capnot  b^t  b^ 
highly  useful  in  many  parts  of  die  country,  we  shall  %iere' pre- 
sent a  description  of  the  Family-mill  and  Bolter  of  Mr.  T. 
Kustall,  ot  Purbroolc-heath,  near  Portsmouth j  who  received  a 
premium  of  40  guih^^s  frofu  the  ^ciety  of  Arts  for  his  inveni» 
non.f 

In  pi.  XX.  fig.  4.  A,  is  the  handle  of  the  mill ;  b,  one  of  the 
mill-stomps,  which  is  about  30  inches  in  diameter,  and  5  inches 
|n  thickness,  moving  with  its  axis  c:  d,  is  the  other  mill-stone, 
which,  when  in  use,  is  stationary ;  but  which  may  be  placed 
'  pear  to,  or  at  a  distance  from,  the  moveable  stone  b,  by  means 
of  three  screws  passing  through  the  wooden  block  e,  that  sup- 
ports one  eifd  df  the'^xis  c;  after  it  has  been  put  through  a 
nole  or  perforation  in  the  bed  stone.  The  grain  likewise  paisses 
through  this  perforation  from  the  hopper  f,  into  the  mill.  F, 
represents  the  hopper,  which  is  agitated  by  two  ifon  pins  oil 
the  axis  c,  that  alternately  raise  the  vessel  containing  the  grain^ 
which  again  sinks  by  its  own  weight*  \n  consequence  of  this 
motion  the  qofn  19  conveyed  through  a  spout  th^t  passes  from 
Such  hopper  into  the  centre  of  the  mill  behind  and  through  the 
bedstone  d,  g^  a  paddle,  regulating  the  qus^ntity  of  com  to  be 
delivefed  lo  t&e  mill';  and,  by  raising  or  lowering  which,  '9^ 
larger  or  smaller  proportion  of  gram  may  be  furnished:  h,  tl^e 
receptacle' for  tfie  ^our,  into  which  it  falls  from  the  mill-stones, 
when  cround :  i^  represents  one  of  the  two  wooden  supporters 
i)n  which  tl)d  bisdstbne.  p',  re^sts.    These  axe  screwed  to'  ^^ 

*  M.  Ij[achette  iofo|rm$  \xs,  TraiU  il^entaire  des  machines ^  p.  105,  that 
this  machine,^  after  haying  stood  .128  years,  is  now  in  "^q  irreparable  swe 
pFruin.  '  ,    .. 

f  Mr.  Kustall  eng^es  to  furnish  the  whole  apparatus,  and  deliver  it  ftp^ 
f>{  carriage,  in  Lon  don^  for  the  moderate  price  of  twenty  guineas.      '   "   ' 
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Mock  «9  and  likewise  mortised  into  die  lower  frame-work  o^ 
the  mill  at  k,  which  is  coa^ected  by  meatis  of  the  pins  or  vvedges 
L,  Ly  I*,  that  admit  the  whole  mill  to  be  easily  taken  to  pieces: 
jiy  a  fly-wheel,  placed  at  the  furthest  extremity  of  the  axis  c, 
and  on  whieh  another  handle  may  be  occasionally  fixed ;  n,  a 
fmall  raii|  serving  to  keep  the  hopper  in  its  place;  the  furthest: 
part  of  such  hopper  resting  on  a  small  pin^  which  admits  of 
sufficient  motion  for  that  vessel  to  shake  forward  the  corn:  o, 
a  spur-rail,  for  strengthening  the  frame-work  of  the  mill ;  t, 
Ake  firont  upright,  that  is  mortised  into  the  frame-work,  an(| 
serves  as  a  rest  for  the  end  of  the  iron  axis  c,  which  is  next  to 
the  handle.  On  each  extremity  of  such  axis  there  is  a  shoulder, 
which  keeps  it  steady  in  its  place.  Lastly,  there  is  a  cloth-hood 
fixed  to  ^  broad  wooden  hoop,  which  is  placed  over  the  stones 
while  working,  to  prevent  the  finer  particles  of  flour  from 
^escaping. 

Fig.  5^  represents  the  bolter,  with  its  front  removed^  in  ordef 

to  display  its  interior  structure;  the  machine  being  3  feet  10 

Inches  in  lengthy  19^  inches  in  breadth,  and  18  inches  in  depth. 

A,  is  a  moveable  partition,  sliding  about  four  feet  backwards  or 

forwards,  from  the  centre  of  the  box,  upon  two  wooden  ribs, 

which  are  fixed  to  the  back  and  front  of  the  box,  and  one  of 

which  is  delineated  at  the  letter  b  ;  c,  the  lid  of  the  bolter, 

represented  open :  d,  a  slider,  which  is  moveable  in  a  groove 

made  in  the  lid,  by  means  of  two  handles  on  the  back  of  such 

lid ;  E,  a  forked  iron,  fixed  in  the  slider  D,'and  which,  when  the 

lid  is  shut,  takes  hold  of  the  edge  of  the  sieve  f,  and  moves  it 

"liackwards  and  forw^ards  on  the  wooden  ribs  6,  according  to  the 

agitation  of  the  slider;  g,  represents  a  fixed  partition  in  the 

\ower  centre  of  the  box,  which  it  divides  into  tM'o  parts,  in  order 

to  separatjB  the  fine  ifrom  the  CQarse  flour;  from  this  partition 

thp   slider  a  moves   each   way   about  four   inches,  and  thus 

affords  room  for  working  the  sieve :  if,  a  board  thilt  is  parallel 

to  the  bottom  of  the  bolter^  and  forms  part  of  the  slider  A;  this 

board  serves  to  prevent  any  of  the  sifted  matter  firom  falling 

into  the  other  partition :  i,  represents  two  of  the  back  feet, 

which  support  the  bolter. 

Fig.  6.  of  the  plate  above  mentioned  is  a  view  of  the  top,  or 
upper  part,  of  the  lid  of  the  bolter;  k,  the  slider  that  moves 
the  lengthwise  of  the  bolter;  l,  l,  the  handles^  by  which  the 
slider  b  worked;  m,  a  screw,  serving  to  hold  the  fork,  which 
imparts  motion  to  the  sieve. 

Fig.  7.  represents  the  forked  iron,  e,  separately  from  the  lid. 

Both  tlie  mill  and  bolter  may  be.  constructed  at  a  moderate 
expense,  and  they  occupy  only  a  small  space  of  ground.  Tlie 
former  may  even  be  worked  in  a  public  kitchen,  or  within  a 


966  MA^HIN^& 

bra|ice.  .      .       !     .  •       r 

The  particular  ei^cjellence  of  |:he  ipill  consists  in  tbif  circqmr 
s.tance^  that^  frooi  the  vertica}  position  of  its  stones,  it  iBay  be  . 
put  in  action  without  .the  intervention  of  cpgs  or  wheels.  J% 
may  be  employed  in  the  grinding  of  malt^  the  brui^in^  of  o^^ 
for  horsed,  and  for  making  flour,  or  for  all  these  puirpq§ei9;  .jt 
inay  likewise  be  easily  altered^  so  as  to  grind  eiuier  of  tbo^ 
articles  to  a  greater  or  less  degree  of  fineness.  

Another  advantage  pieculiar  to  Mr.  Rustall's  contrivance  is^ 
that  one  man  is  SMfficient  to  work  it;  though,  if  two  pefSQpSf 
namely;  a  man  and  a  boy,  be  employed^  they  will  be  abl^e  tQ 
produce,  in  the  course  of  two  hours,  a  quantity  of  floi^r  sufS^jp^^ 
to  serve  a  family,  consisting  qf  six  or  (Bight  persppj$,  jfor  p.^'1^9k 
week : — r/epeateid  satisfactory  Iwls  have  proved,  (|i,at  ^pi§  piijOi 
grinds  the  corn  completely,  and  ^t  the  rate  of  one  bj^^l  pf 
ivheat  within  the  hour.  Besides,  the  i^du^tripus  C^r^er  mill 
ihns  be  enabled  to  make  pon^parative  exp^riqiients  on  f he  qu^ljtv 
of  his  grain,  and  piay  furnish  faiRiself,  ^t  a  tricing  e:(pense,  wijj^ 
flour  from  his  own  wheat,  without  apprieheu^ing.^y  adulterat^oi^ ; 
or  without  bein^  exposed  to  the  impQisiiio^s  pr  caprice  of  fvif^p 
dulent  and  avaricious  millers. 

Lastly,  though  Mr.  K.'s  bolt^r  b^  more  particularly  ipj^Jpiir 
lated  for  sifting  flour,  it  may  also  be  applied  to  various  Qtbcf 
useful  purposes,  and  especially  with  a  view  to  obviate  the  igb 
conveniences  necessarily  attendant  on  the  jieyigation  of  npxiqf^ 
substances,  and  to  prevent  th<e  wa^te  of  tjbeir  finer  p^fticle^. 

The  subject  of  mill-work  Jias  e^g^ged  tb.e  atjtentiou  pf  ip^D^T 
authprs  in  different  countries :  the  following  is  a  c^talpg^e  f^ 
the  chief  writings,  both  theoretical  an<d  descriptiyCf 

Klinstliche  abriss,  allerhaud  vya^serr  wjup-  rpss-  \ijfid  k9^^^ 
muhlen,  &c.  jron  Jacob,  de  Stradq  a  ^Qsberg.    1617. 

Georf  Christoph  Lui^rner  JMiiictiina  tpf^ufica  APva^  p^^ 
beschreibung  der  neu  erfunden^u  Driabio^h}eu*    166]. 

Theatrum  nyachinarum  npvum;  4as  ist,  peu  yefpnelfrt^ 
Scljiauplatz  der  jnecbanischen  l^iiuste,  bfUQ^elt  yxxn  sjiller^a^ 
wasser-  n  ind-  ross-  gewicht-  und  hand-  py^hlen.  Vj^n  Gf  p.  ^(^* 
Bocklfirrh    1661. 

Contenta  discursus  .piechauici,  conperpeufiis  ii^escriptipnipgi 
optiipffi  fprma?  velorum  horizontaUum  pro  usu  molar.um,  nee  j(]|^ 
jTundamentjam  inc|ii|atorum  yelorum  in  navibiiSj  habi^  P^QT^ 
Societate  Regia,  a  R.  H.  translata  ex  collectiouib}^  pbilp^{Vbilpp 
>l.  Dec.ni|ip.  3.  pa.  61.  Ig81. 

Pissert^tio  historica  de  pioli$,  qnam  pras^i^e  Joh.  Phil*  Treuer 
jde^nd.  Jo.  Tob.  4/i^A/6«rg<T  B^tUbonciis.  Jpp^.  169.5. 

Afartin  Harien^s  W^PP%e  ]t>^l^c}^ouwif{gi^  d^  ^W^^rif  ^ 
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wfeipiooleas,  yergelekfii^L  niet  die  van  djen  heer  Johatin  Luhfs. 
imiii^chiii.    1700. 

y^Ustapiiige  iiuible9r4>aukuDst|  voa  Lepnhard  CAristoph. 
Sturm.  ni8. 

l^tcob  l^upold'9  Xbeatrum  madijuarum.    1724,  1725. 

Kemar^ues  sur  les  aitbes  ou  pallettes  des  moulins,  et  autre$ 
^lOjftchines  muies  par  le  cpuraot  4^9  rivi^re^.  Par  M.  Pilot,  inein. 
4cad.  Roy.  Paria.    1729. 

Joh,  pan.  Zyl  theatruqci  m^chinaruiii  universale^  of  groot 
alge^meen  moolen-bock,  8cc.     Amsterdam.    1734. 

Jo.  Carat*  Tqlens  Disser.  de  machine  molari bus  optime  cour 
Itreiinciip^    Lugd.  Batay.    1734. 

KuT^  aber  deultlkhe  anweisyng  ^ur  construction  der  wind- 
juod  wasser-muhlen,  von  Gottfr.  Kinderhn^.    1735. 

J)€eagulier^s  Experimental  pliiipsophy.    1735, 1744. 

Airfa^tecture  hydrauliqiie,  par  M.  Belidor.     1737,  1753. 

Part  pf  a  letter  from  Mr.  W.  Anderson,  F.  R.  S.  to  Mr. 
^isJL^r,  F.  R*  :$.  cootoiuing  ^  ^Rcription  of  a  water-wheei  for 
inills  invented  by  Mr.  Philip  Williams.   Phil.  Trans,  vol.  44. 

Juetmh.  Euleriy  De  constructione  aptissima  molarum  alatarum 
idisp.    Nov.  CpQi.  Acad.  Petrop.  torn.  4. 1752. 

M6moire  dans  lequel  on  d^montre  que  lean  d'une  chute 
dcstiti^e  k  faire  mouvoir  quieique  machine,  moulin  ou  autre, 
.peot  toujoufs.produire  beaucoup  plus  d'effet  en  agissant  par 
ison  poids  qu*en  agissant  par  son  choc,  et  que  les  roues  k  pots 
fpA  toument  lenteaieot  produisent  pius  d'effet  que  ceiles  qui 
|ei6lient  vtte,  relativement  aiix  ch(ktes  et  aux  d^penses.  Par 
M.  de  Par  deux y  Acad.  Roy.  Paris.    1754. 

Jo.  Alberti  Euleri  Enudatio  questionis :  quo  modo  vis  aqu^B 
aliuifve  fltiicK  ciim  maKimo  lucro  ad  roolas  cir^umagendas,  aliave 
opera  perficienda  impetidi  possit,  praemio  k  societate  Regia. 
ScLGo^g.    1754. 

Recherches  plus  exactes  sur  Teffet  des  moulins  k  vent,  par 
M.  Enter.   Hi^t.  Acad.  Roy.  Berlin.  1756*. 

An  experimental  enquiry  concerning  die  natural  powers  of 
wind  and  water  to  torn  mills  and  other  machines  depending  on 
a  ckcnlar  naotion.  By  Mr.  J.  Smeaton,  F.  R.  S.  Phil.  Trans. 
1759.  : 

[Abatiacts  of  iiiis  aod  Mr.  Swieston's  other  papers  oa  water 
and  wind  miUsiiaveiteen^iveniin  book  iv.  of  our^rst  volume^ 
m&  the  Introduction  to  this.  They  \vete  ^cdilected  and  published 
by  Taylor,  Holborn,  in  1794.] 

M^moire  daiis  lequel  «n  pcouve  qvie  les  aubes  roues  -mfies 
im*^  lea  coMiaos  des  grandea  riviib-es  deroient  beaucoup  plus 
fl'eflfe't  si  elles  6toient  inclin6es  aux  rayons,  qu'elles  nefodt  6tant 


263  ftf  ACHINES. 

appliqu6e8  cootre  les  rayons  m^mes^  comme  elks  le  soQt  nut 
moulins  pendans  et  aux  moulins  sur  bateaux  qui  sont  but  le$ 
rivieres  de  Seine,  de  Marne»  de  Loire,  &c.  Par  m.  de  Pardeux^ 
mem.  Acad.  Roy.  Paris.    1759. 

Joh.  Albert  Euler^s  Abhandlung  von  der  bewegung  ebener 
flajchen,  nvenn  sie  vom  winde  getrieben  werden.  1765. 
.  Schauplatz  des  mechanischen  miiblenbaues,  darinnen  von 
-  verschiedenen  hand-  trett-  ross-  gewicht-  wasser-  und  wind- 
imihlen  gebandelt  wird,  durcb  Johann  George  Scopp  I.  C.  iter 
Theil.   1766. 

■  Theatrum  machinarum  molarium,  oder  schauplatz  der  mii- 
hlenbaukunst.  als  der  neunte  theil  von  des  "^el  hem  Jac.  LeupoMi 
tbeaitro  machinarum,  von  Jgh.  Mathias  Beyern.  1767,  1788^ 
1802. 

A  rajemoir  cooeeming  the  most  advantageous  construction 
of  water-wjieels;  &c.  by  Mr.  Mallet,  of  Geneva.  Phil.  Trans. 
.1767. 

M^moire  aur  Les  roues  hydrauliques,  par  M.  le  Chevali^  de 
Borda^  mem.  Acad.  Roy.  Paris.   1767. 

Kurzer  unterrichty  allerley  arten  von  wind- und  wasser- miihlen 
Auf  die  vortheilhafteste  weise  zu  erbauen,  nebst  einken  gedanken 
liber  die  verbesserung  des  raderwerks  an  den  miihlen,  von  Jok. 
Konig.    1767. 

G.  G.  Bischojps  Beytrage  zur  mathesis  durmuhlen.    1767. 

Sur  la  position  des  aile3  des  moulins  ^  vent.  lyAlembert. 
Opusc.  mathema.  tom.  5.     1768. 

Determination  g^n^rale  de  Teffet  des  roues  mdes  par  je 
.^hoc  de  r^eau^  par  M.  I'abb6  Bo^sut,  mem.  Acad.  Roy.  Paris. 
1769. 

Andreas  Kaovenfnifer,  Deutlidie  abhandlung  von  den  ridera 
der  wassermiihleuy  und  von  dem  eiurandigen  werke  der  scfanei- 
demiihlen.   1770. 

Manuel  du  mefinier  et  du  charpentier  des  moulins,  re£ge  par 
JEdm.  Bequillet.    1775. 

R6marques  sur  les  moulins  k  vent,  par  M.  Lambert. 

R6marques  sur  les  moulins  et  autres  machines,  oil  Feai^ 
tombe  en  dessu9  d,e  la  roue,  par  M.  Lambert. 

Experience  et  ri§maf  qu^s  sur  les  moulins  que  Teau  meut  par  en 
bas  dans  une  direction  horizontale,  par  M.  Lambert. 

JR^marques  |sur  les  moulins  et  autres  machines  dont  les  rbue^ 
,  prennant  r^pau  k  une  certaine  hauteiir,  p^r  M.  Lambert. 

[The  last  fouf  articleis  are  inserted  in  Mem.  Acad.  Roy. 
Berlin.    1775.] 

Of  thfs  degr/ses  and  quantities  of  winds  requisite  to  move  tht 
h^avier  kinds  of  wind-niachinea.  by  JohthSteamanh^^J)*  Phi{* 
.Tr»as,  1777,  V 
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Aiufuhrlicfae  erklarung  der  vorschlage  fur  die  langere  dauer 
tier  mublenwerke,  nebst  si^nlichen  gegenstanden,  in  ein  gesprach 
Yisr^asset,  von  Johann  Christian  FuUmann,  Mublenmeister. 
1780. 

Observations  tb6oriques  et  experimentales  sur  I'effet  des 
moulins  k  vent,  et  sur  la  figure  de  feurs  ailes,  par  M.  Coulumb, 
mem.  Acad.  Boy.  Paris.    1781. 

Tratado  de  los  granos  y  modo^de  molerlos  con  economiay  de 
la  cohservacion  de  astos  y  de  las  barinas;  escr.  en  Fr.  par  M. 
Seguilletf  y  extract,  y  trad,  al  Cast,  con  algun  notas  y  un  sup- 
ptem.  por  Ph.  Marescaulchu    1786. 

Suite  de  Tarchitecture  bydraulique,  par  M.  Fabre.    1786. 

M6moires  sur  les  moyens  de  perfectionner  les  moulins^  et  la 
fiiouture  ^conomique^  par  C.  Bucquet.    1786. 

Manuel  ou  vocabulaire  des  moulins  k  pot.    A  Amst.  1786. 

Die  notbigsten  kenntnisse  zur  aniegung,  beurtheilung  und 
berechnung  der  wasserniublen,  und  zsvar  der  mabl-  oebl-  und 
sage*  mublen,  siir  anf  anger  und  liebbaber  der  miiblenbaukunst^ 
ton  Joh.  Christ.  Huth.    1787. 

An  essay  proving  iron  far  superior  to  stone  of  any  kind  for 
breaking  and  grinding  of  com^  8cc.  by  W.  Walton.    1788. 

Miiblenpraktiky  oder  unterricbt  in  dem  mahlen  der  brod- 
friichtey  f iir  polizeybeamte,  gaverksleute  und  hauswirthe^  voi^ 
L.Ph.Hahn.  1790. 

The  young  mill-wrigbt  and  miller's  guide^  by  Oliver  Evans^ 
Philadelpbia.    1790. 

Manuel  du  meiinier  et  du  condtructeur  des  moulins  Sl  eau  et 
si  grains,  par  C.  Bucguet.    1791. 

Praktische  anweisung  zum  miiblenbau,  von  Xr.  Clausen^ 

mi. 

Beschreibung  zweir  maschinen  zur  reinigung  des  korns,  von 
jLt.  Clausen.    1792. 

Instructions  sur  I'usage  des  moulins  d  bras,  inventus  et  per^ 
/ectionnis  par  les  Citoyens  Durand  p^re  et  fils,  m^caniciens, 
1792. 

Tbeoredsch-praktische  abhaudlung  iiber  die  besserung  der 
nufalrader  von  dem  verfasser  der  zweckmassigen  luftreiniger, 
Jcc.  17^5. 

A  treatise  on  milb,  in  four  parts,  by  John  Banks.  1795. 

Handbuch  der  mascbinenlehre,  sur  praktiker  und  akademische 
lehrer,  von  Karl  Christian  Langsdorf.   1797,  1799. 

On  the  power  of  machines :  including  Barker's-mill,  West- 
{arth's  engine,  Cooper's -mill,  horizontal  water-wheel,  8&c.  by 
John  Banks.    1803. 

The  experienced  millwright,  by  Andrew  Gray,  millwright. 
1804. 
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Practical  EBSotysoti  Mill  Work^and  odierM&ehki^ry,  anden 
th^  Shafts  of  Miltey  by  Robertion  Buchanan,  Chnl  Engineer, 
1814. 

The  transactions  of  the  Society  of  Arts  aqd  Manufactijtevs ; 
8fev^i*fU  of  the  vohnnes  of  which  contain  improveitients  in  mill- 
M'otk.     S^e  aisd  the  Repertory  of  Arts,  in  Yarious  places. 

MULLERS  for  grinding  colours,  according  to  the  common 
<5otistrtictioh,  ahe  too  well  known  and  too  simple  to  need  a  par- 
ticular description  here.  But  Mr.  James  Rawlinson,  of  Derby, 
bus  invented  a  concave  muller,  for  M^hich  the  Society  of  Arts 
presented  him  a  silvjer  medal  and  ten  guineas,  on  account  of  its 
ingeihtity.  He  has  Used  his  machine  fbr  several  years,  and  has 
ftmnd  it  much  more  effectual  and  expeditious  in  reducing  die 
colour  to  extreme  fitieness  than  the  usual  method,  and  nuffeh 
less  injiiHous  to  the  health  of  the  workman,  who  frequently  has 
^one  as  much  with  it  in  three  hours  as  he  could  in  tw^e  with, 
the  muller  and  slab.  .^ 

The  machine  consists  of  a  flat  cylinder  of  black  marble,  six- 
teen inches  and  a  half  diameter,  and  four  and  a  half  thickness, 
with  an  axle  travernng  its  centre  (dius  somewhat  ireseniblxn^  a, 
cpmipoti  cutler's  grindstone).  It  is  suspended  on  a  similar 
frame,  in  a  vertical  position,  and  turned  round  in  die  same  ma^-; 
Iter  by  a  winch:  a  concave  piece  bf  marble  is  provided^  of  the 
same  breadth  as  the.  circular  stone,  forming. a  segment  of  the 
same  circle  one  third  of  the  circumference  in  extent :  this, 
which  may  be  considered  as  the  muUer,  is  fitted  into  a  piece  of 
ifblid  wood  of  stmilstr  shape,  one  end  of  which  is  secured  loosely 
by  a  hinge  or  otherwise  to  th.e  frame ;  the  othet  end,  rising  over 
the  circular  stotie  and  supported  by  it,  is  further  pressed  down 
on  it  by  a  Jong  spring  bent  over  from  the  opposite  e;itremity  of 
the  stand,  and  regulated  as  to  its  pressure  by  a  screw,  whose  end 
turns  against  the  concave  muller:  a  slight  frame  of  iron  in  jfrant, 
moveable  on  a  hinge,  by  which  it  is  secured  to  the  frame,  HfXpr 
ports  a  scraper,  for  taking  off  the  colour,  formed  *of  a  piece  of: 
M^tch-spring,  which  is. tprnod.back.out  of  the  way  when  not  in 
use.  Mr.  R.  thinks  the  circular  grindstones  might  be  made, 
much  larger  than  he  used,  to  advantages,  and  that  one  of  two 
feet  diameter,  would  not  occasion  too  much  labour  to  one  man 
to  turn  it :  he  computes  that  in  his  machine  there  are  seventy 
square  inches  of  surface  of  the  concave  muller  in  coiilrtaut  work^ 
on  the  paint,  while  in  the  common  muller  not  more  than  sixteen 
square  inches  are  usually  in  contact  widi  the  slab.  The  ma^. 
chine  will  be  found  equally  serviceable  for  the  colours  gtauod  hi 
water  as  for  thpae  prepared  with  oil,  according  to  Mr.  R.^  who 
highly  recommends  its  use  to  all  colourmen. 

Mi,_l{.  advises,  in  making  up  the  colours  iu  bladders,  to  m^ 
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wrt  a-  bit  of  quill  or  reed  in  the  neck  of  the  bladder,  which  will 
9iU8  bind  better  in  tying ;  and,  admitting  of  ^  secure  stopper. 
wiU  be  more  cleanly  and  less  wasteful  than  the  usual  method  oi 
stopping  with  a  nail,  aiid  keep  the  colour  more  safe  ivotn.  the 
air.    (Retrospect,  &c.  No.  1.) 

JfORIA.  See  HyDRAULic-«warAiw^s,  No.  3. 
01)0METER,  a  mechahical  contrivance  for  measuring  the 
ly  passed  over  by  a  carriage.  An  apparatus  of  thid  kiiid,  by 
r.  R.  L.  Edgwortfa,  may  be  easily  attached  to  the  axle-tree^ 
bed  of  a  post-c|iaise,  gig,  or  any  other  ciarriage.  One  turn  and 
a  half  of  a  screw  is  formed  round  the  nave  of  one  of  the  hinder 
wheels  by  a  slip  of  iron,  which  is  wound  round  the  nave,  and 
fastened  to  it  by  screws  passing  through  five  or  six  cocks,  that 
are  turned  tip  at  right  angles  on  the  sHp  of  iron.  The  helix  so 
formed  on  tne  nate  of  the  carriage-wheel  acts  as  a  worm  or 
screw  upon  the  teeth  of  a  wheel  called  A,  which  should  have 
20  teeth,  if  the  carriage-wheel  be  5  feet  3  inches  in  circumfe- 
rence^  On  the  arbor  of  the  wheel  A  there  is  a  brass  ehdless 
screw  called  b,  which  acts  upon  a  brass  wheel  c  of  80  teeth ; 
this  latter  whed  serving  as  a  dial-plate,  aiid  is  divided  into  ihiles^ 
halves,  quarters,  and  furlongs.  The  figures  indicating  the  miles 
are  nearly  ^  of  an  inch  long,  so  as  to  be  quite  distinct ;  they  are 
pointed  to  by  an  index  which  projects  from  a  fixed  point  a  little 
way  over  the  plate,  in  such  a  manner  as  to  be  easily  seen  from 
the  carriage,  as  well  as  the  figures  passing  successively  beneath 
it.  Tiie  two  brass  wheels  a  and  c  are  mounted  by  irons  with 
pivots  upon  a  rectangular  block  of  wood,  which  is  to  be  screwed 
upon  the  axletree  bed>  and,  if  the  carriage  permits,  in  such  a 
manner  that  the  dial-plate  may  front  the  eye  of  the  person  who 
looks  from  the  carriage. 

There  is  a  ratchet-wheel  attached  to  the  arbor  of  the  wheel  A^ 
which  by  means  of  a  click  allows  the  wheel  to  be  set  with  a  key 
or  handle  fitted  to  the  square  end  of  the  arbor.  There  are  two 
springs,  one  adapted  to  the  wheel  a,  and  the  other  to  the  dial* 

Slate  wheel  c,  to  prevent  them  from  shaking  by  the  motion  of 
le  tarriag^. 

Such  an  apparatus  will  estimate  distances  for  5  miles,  and  an 
additional  wheel  of  lil  teeth  would  render  it  fit  to  count  400 
miles.  If  the  carriage^wheel  be  either  larger  or  smaller  than  5 
feet  3  inches  in  perimeter,  it  will  still  be  easy  to  adapt  an  odo- 
meter to  it. 

OIL-MILL,  a  mill  for  expressing  the  oils  from  fruits,  or 
grains,  &c.  As  these  kingdoms  do  not  produce  the  olive,  it 
w.ould  be  needless  to  deBcribe  the  mills  which  are  etnplo^ed  hi 
the  southern  psfrts  of  Europe.  We  shall  content  ourselves, 
therefore,  with  a  description  of  a  Dutch  oil-mill,  employed  fur 
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grindiDg  and  pressing  lint-seed,  rape-seed,  and  other  oleaginous 
grains.  Further,  to  accommodate  our  description  still  more  to 
our  local  circumstances,  we  shall  employ  water  as  the  first 
mover ;  thus  avoiding  the  enormous  expense  and  complication 
of  a  windmill. 

In  plate  XXI.  fig.  A. 

1.  Is  the  elevation  of  a  wheel,  over  or  under«shot,  as  the 
situation  may  require. 

2.  The  bell-metal  socket,  supported  by  masonry,  for  receiving 
the  outer  gudgeon  of  the  water-wheeK 

3.  The  water-course. 

Eg.  B. 

1»  A  spur-wheel  upon  the  same  axis,  having  SQ  teetn. 

2w  The  trundle  that  is  driven  by  No.  1.  and  has  78  stavef^ 

3.  The  wallower,  or  axis  for  raising  the  pestles.  It  is  fuf«» 
nished  round  its  circumference  with  wipers  for  lifting  the  pes-* 
ties,  so  that  each  may  fall  twice  during  pne  turn  of  the  water- 
wheel,  that  is,  three  wipers  for  each  pestle. 

4.  A  frame  of  timber,  carryhig  a  concave  haff-cyUnder  of 
bell-metal,  in  which  the  wallower  (cased  in  that  part  with  iron 
plates)  rests  and  turns  round. 

5.  Masonry  supporting  the  inner  gudgeon  of  the  vvater-wheel 
and  the  above-mentioned  frame. 

6.  Gudgeon  of  the  wallower,  which  bears  against  a  bell* 
metal  step  fixed  in  the  wall.  This  double  support  of  the  wal- 
lower is  found  to  be  necessary  in  all  mills  which  drive  a  namber 
of  heavy  stampers. 

Fig.  c,  is  the  elevation  of  the  pestle  and  press-frame,  their 
furniture,  the  mortars,  and  the  press-pestles* 
1  •  The  six  pestles. 

2.  Cross  pieces  between  the  two  Tails  of  the  frame,  forming, 
with  these  rails,  guides  for  the  perpendicular  motion  of  the 
pestles. 

3.  The  two  rails.  The  back  one  is  not  seen.  They  are 
checked  and  bolted  into  the  standards  No.  1 2. 

4.  'I'he  tails  of  the  lifts,  corresponding  to  the  wipers  upon 
the  wallower.     See  the  article  Wiper, 

5.  Another  rail  in  front,  for  carrying  the  detents  which  hold 
up  the  pestles  when  not  acting.     It  is  marked  14  in  fig.  m. 

6.  A  beam  a  little  way  behind  the  pestles.  To  this  are 
fixed  the  pulleys  for  the  ropes  which  lift  and  stop  the  pestles. 
It  is  represented  by  16  in  fig.  M. 

7.  The  said  pulleys  with  their  ropes. 

8.  The  driver,  which  strikes  the  wedge  that  presses  the  oil. 

9.  The  discharger,  a  stamper  which  strikes  upoil  the  inverte<lt 
wedge,  and  loosens  the  press. 
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10.  The  lower  rail  with  its  cross  pieces,  forming  the  lower 
guides  of  the  pestles. 

il.  A  small  cog-wheel  upon  the  wallower,  for  turning  the 
spatula,  which  stirs  about  the  oil-seed  in  the  chauffer-pan.  It 
has  28  teeth,  and  is  marked  No.  6.  in  fig.  m. 

12.  The  four  standards,  mortised  below  into  the  block^  and 
above  into  the  joists  and  beams  of  the  building. 

13.  The  six  mortars  hollowed  out  of  the  block  itself,  and  in 
shape  pretty  much  like  a  kitchen  pot. 

14.  The  feet  of  the  pestles,  rounded  into  cylinders,  and  shod 
with  a  great  lump  of  iron. 

15.  A  board  behind  the  pestles,  standing  on  its  edge,  but  in- 
clining a  little  backwards.  There  is  such  another  in  front,  but 
not  represented  here.  These  form  a  sort  of  trough,  which  pre- 
sents the  seed  from  being  scattered  about  by  the  fall  of  the 
[pestles,  and  lost. 

16.  The  first  press-box  (also  hollowed  out  of  the  block),  in 
which  the  grain  is  squeezed,  after  it  has  come  for  the  first  time 
from  below  the  mill-stones. 

17  •  The  second  press-box,  at  the  other  end  of  the  block,  for 
Squeezing  the  grain  after  it  has  passed  a  second  time  under  the 
pestles. 

18.  Frame  of  timber  for  supporting  the  other  end  of  the 
wallower,  in  the  same  manner  as  at  No.  4.  fig.  b. 

19*  Small  cog-wheel  on  the  end  of  the  wallower,  for  giving 
motion  to  the  mill-stones.     It  has  28  teeth. 

20.  Gudgeon  of  the  wallower,  bearing  on  a  bell-metal  socket 
fixed  in  the  wall. 

21.  Vessels  for  receiving  the  oil  from  the  press-boxes. 
Fi^.  D.  Elevation  and  mechanism  of  the  mill-stones. 

1.  Upright  shaft,  carrying  the  great  cog*wheel  above,  and  the 
runner  mill-stones  below  in  their  frame. 

2.  Cog-wheel  of  76  cogs,  driven  by  No.  19.  of  fig.  c. 

3.  The  frame  of  the  runners. 

4.  The  innermost  runner,  or  the  one  nearest  the  shaft. 

5.  Outermost  ditto,  being  further  from  the  shaft. 

6.  The  inner  rake,  which  collects  the  grain  under  the  outer 
irunner* 

7.  The  outer-rake,  which  collects  the  grain  under  the  inner 
hitiner.  In  this  manner  the  grain  is  always  turned  over  and 
Over,  and'crnsHed  in  every  direction.  The  inner  rake  lays  the 
grain  in  a  slope,  of  which  fig.  o  is  a  section  ;  the  runner  flatten^ 
It,  and  the  second  rake  lifts  it  again,  as  is  marked  in  fig.  p  ;  so 
that  every,  side  of  a  grain  is  presented  to  the  mill-stone,  and  the 
rest -of  the  legger  or  nether  mill-stone  is  so  swept  by  them,  that 
Hot  VL  single  grain  is  left  on  any  part  of  it.  The  outer  rake  is 
also  furnished  with  a  rag  of  cloth,  which  rubs  against  the  border 
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or  hoop  l^nt  surrounds  the  nether  i|iiU-9tone,  so  as  to  cfa^  qtof 
the  few  grains  which  might  otherwise  remain  in  the  comer. 

S.  The  ends  of  the  iron  anle  which  passes  through  the  iip^ 
right  shafts  and  through  the  two  runners.  Thus  they  have  twa 
motions :  Imo,  A  rotation  round  their  own  axis ;  2dOy  That  bj 
which  they  are  carried  round  upon  the  nether  miU*stone  on 
wtiich  they  roll.  The  boles  in  these  mill-stones  are  mad^  # 
Uttle  wide ;  and  the  holes  in  the  ear^  of  the  frame^  which  can^ 
the  ends  of  the  iron  axis,  are  made  oval  up  and  down.  Tbi> 
gjreat  freedom  of  motion  is  necessary  for  the  ruoner  miU-stooes, 
because  frequently  more  or  less  of  the  grain  is  below  them  at  a 
time^  and  they  must  therefore  be  at  liberty  to  get  prer  it  with- 
out straining/ and  perhaps  breaking,  the  shaft. 

d.  The  ears  of  the  frame  wbicb  lead  the  two  extreipities  of 
the  iron  axis.  They  are  mortised  ipto  the  under  side  of  the 
bars  of  the  square  frame,  that  is  carried  round  with  the  shaft. 

10.  The  border  or  hoop  which  surrounds  the  nether  mill- 
stone. 

1 1.  and  12.  The  nether  mill-stone,  and  masonry  [whicb  su|^, 
ports  it. 

Fig.  K.  Plan  of  the  runner  milj-stones^  and  the  fraim:  whidb 
carries  them  round. 

1, 1.  Are  the  two  mill-stones. 

9,  Sf  3,  S.  The  outside  pieces  of  the  frame. 

4, 4, 4f,  4.  The  cross-bars  of  the  frame  which  embrace  the 
upright  shaft  5,  and  give  motion  to  the  whole. 

^,  6.  The  iron  axis  upon  which  the  runners  turn. 

7.  The  outer  rake. 

8.  The  inner  ditto. 

Fig.  L.  Represents  the  nether  mill-stone  seen  from  above. 

i.  The  wooden  gutter,  which  surrounds  the  nether  oil- 
stone. 

(2.  The  border  or  hoop,  about  si](  inches  high,  all  round,  to 
prevent  any  seed  from  bemg  scattered. 

S.  An  opeiung  or  trap-door  in  th^  gutter,  which  qan  be 
opened  or  shut  at  pleasure.  When  open,  it  allows  the  bruised 
grain  collected  in  and  shoved  along  the  gutter  by  the  rake»  to 
pass  through  into  troughs  placed  below  to  receive  it. 

4.  Portion  of  the  circle  described  by  the  outer  riumer. 

5.  Portion  of  the  circle  described  by  the  inner  one.  B) 
these  we  see  that  the  two  stones  have  different  routes  round  th« 
axis,  and  bruise  more  seed, 

6.  The  outer  rake. 

7.  The  inner  ^ditto. 

8.  The  sweep,  making  part  of  the  inner  rake,  occasionally  lel 
down  for  sweepii^  off  aU  the  seed  whei^  it  ^^9  b^^  sjuifficie^tl] 


Oil-mitt.  «T£ 

kmiaecK  The  pressure  and  action  of  these  rakes  is  adjusted  by 
means  of  wooden  springs^  \^hich  cannot  be  easily  and  distinctly 
represented  by  any  figure.  The  oblique  position  of  the  rakes 
(me  outer  point  going  foremost)  causes  them  to  shove  the  grain 
invmrds  or  toward  the  centre,  and  at  the  same  time  to  turn  it 
over,  somewhat  in  the  same  manner  as  the  mould-board  of  a 
plough  shoves  the  earth  to  the  right  hand,  and  partly  turns  it 
over.  Some  mills  have  but  one  sweeper ;  and,  indeed,  there  is 
great  variety  in  the  form  and  construction  of  this  part  of  the 
machiiiery. 
Fig.  M.  Profile  of  the  pestle  frame.  ** 

1.  Section  of  the  horizontal  shaft. 

2.  Three  wipers  for  lifting  the  pestles.    See  Wiper. 

3.  Little  wheel  of  28  teeth,  for  giving  motion  tc^  the  spatula. 

4.  Another  wheel,  which  is  driven  by  it,  having  20  teeth, 

5.  Horizontal  axle  of  ditto. 

6.  Another  wheel  on  the  same  axle,  having  23  teeth. 

1i.  A  wheel  upon  the  upper  end  of  the  spindle,  having  12 
teeth. 

9.  Two  guides,  in  which  the  spindle  turns  freely,  and  so  that 
it  can  be  shifted  higher  and  lower. 

9.  A  lever,  moveable  round  the  piece  No.  14.  aild  having  a 
hole  in  it  at  9,  through  which  the  spindle  passes,  turning  freely. 
The  spindle  has  in  this  place  a  shoulder,  which  rests  on  the 
border  of  the  hole  9 ;  so  that  by  the  motion  of  this  lever  the 
spindle  may  be  disengaged  from  the  wheel-work  at  pleasure. 
This  motion  ia  given  to  it  by  means  of  the  lever  10,  10,  move- 
able round  its  middle.  The  workman  employed  at  the  chauffer 
pulls  at  the  rcfpe  10,  11,  and  thus  disengages  the  spindle  jand 
spatula. 

tl.  A  pestle  seen  sidewise. 

12.  The  lift  of  ditto. 

IS.  The  upper  rails,  marked  No.  3.  in  fig.  c. 

14.  Tlie  rail,  marked  No.  5.  in  fig.  c.    To  this  are  fixed  the 
Stents,  which  serve  to  stop  and  hold  up  the  pestles. 

15.  A  detent,  which  is  moved  by  the  rope  at  its  outer  end. 

16.  A  bracket  behind  the  pestles,  having  a  pulley,  through 
which  ^sses  th%  rope  going  to  the  detent  1^. 

17.  The  said  pufiey. 

IS.  The  rope  at  the  workman^s  hand,  passing  through  the 
pulley  17,  and  fixed  to  the  end  of  the  detent  15* 

This  detent  naturally  hangs  perpendicular  by  its  own  vf^ight. 
When  the  workman  wants  to  stiOp  a  pestle,  hi^  pnlls  at  the  rope 
IS,  during  the  rise  of  the  pestle.  When  this  is  at  its  greatest 
k^gfat,  the  detent  is  horizontal,  and  prevents  the  pestle  from 
falling  by  means  of  a  pin  projecting  from  the  side  of  the  pestle, 
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^faich  rests  upon  the  detent,  the  detent  itself  being  held  in' that 
position  bj  hitching  the  loop  of  the  rope  upon  a  pin  at  the  worl^ 
man's  hand. 

19*  The  two  lower  rails,  marked  No.  10.  fig.  c. 

20.  Great  wooden,  and  sometimes  stone,  block,  in  which  the 
mortars  are  formed,  marked  No.  ^I.  in  fig.  c. 

21.  Vessel  placed  below  the  press-boxes  for  receiving  the  oil, 
f22.  Chauffer,  or  little  furnace,  for  warming  the  bruised  grain. 
^3.  Backet  in  the  front  of  the  chauffer,  tapering  downwards, 

and  opening  bejow  in  a  narrow  slit.  The  hair  bags,  in  which  thi^ 
grain  i%to  be  pressed  after  it  has  been  warmed  in  the  chauffer, 
are  filled  by  placing  them  in  this  backet*  The  grain  is  lifted 
out  of  the  chauffer  with  a  ladle,  and  put  into  these  bags;  and  a 
^ood  quantity  of  oil  runs  from  it  through  the  slit  at  the  bottom 
into  a  vessel  set  to  receive  it. 

24.  The  spatula  attached  to  the  lower  end  of  the  spindle,,  and 
turning  round  among  the  grain  in  the  chauffer-pan ;.  thus  pre- 
venting it  from  sticking  to  the  bottom  or  sides,  and  getting  too 
much  heat. 

The  first  part  of  the  process  at  an  oil-^mill  is  bruising  the  seed 
under  the  runner  stones*.  That  this  may  be  more  expeditiouslj 
done,  one  pf  the  runners  is  set  about  yds  of  its  own  thickness 
nearer  the  shaft  than  the  other.  Thus  they  have  different 
treads ;  and  the  grain,  which  is  a  little  heaped  towards  the  ceo* 
tre,  is  thus  bruised  by  both.  The  inner  rake  gathers  it  up  under 
the  outer  stone  into  a  ridge,  of  which  the  section  is  represented 
in  plate  XXI.  fig.  o.  The  stone  passes  over  it,  and  flattens  it. 
It  is  gathered  up  again  into  a  ridge,  of  the  form  of  fig.  p,  under 
the  inner  stone,  by  the  outer  rake,  which  consists  of  two  parts. 
The  outer  part  presses  close  on  the  wooden  border  which  sur- 
rounds the  nether  stone,  and  shoves  the  seed  obliquely  inwards, 
while  the  inner  part  of  this  rake  gathers  up  what  had  spread 
toward  the  centre.  The  other  rake  has  a  joint  near  the  middle 
of  its  length,  by  which  the  outer  half  of  it  can  be  raised  from 
the  nether  stone,  while  the  inner  half  continues  pressing  on  it: 
and  thus  scrapes  off  the  moist  paste.  When  the  seed  is  suffici- 
ently bruised,  the  miller  lets  down  the  outer  end  of  the  rake. 
This  immediately  gathers  the  whole  paste,  and  shoves  it  obliquel) 
outwards  to  the  wooden  rim,  where  it  is  at  last  brought  to  a  part 
that  is  left  unboarded,  and  it  falls  through  into  troughs  placed 

*  We  are  told,  that  in  a  mill  at  Rcichenhoffen,  in  Alsace,  a  consider 
able  improvement  has  been  made  by  passing  the  seed  between  two  tilial 
iron  rollers,  before  it  is  put  under  the  mill-stones.  A  great  deal  of  worl 
is  said  to  be  saved  by  this  preliminary  operation,  and  finer  oil  produced 
whieh  we  think  very  probable.  The  sumping  and  pressing  go  ou  as  ii 
oihcr  mills. 
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io  receive  it.  These  troughs  have  holes  in  the  bottom,  through 
which  the  oil  drips  all  the  time  of  the  operation.  This  part  of 
the  oil  is  directed  into  a  particular  cistern,  being  considered  as 
•die  purest  of  the  whole;  having  been  pbtaiued,  without  pressure, 
by  the  mere  breaking  of  the  hull  of  the  seed. 

In  some  miHs  this  operation  is  expedited,  and  a  much  greater 
<{aantity  of  this  best  oil  is  obtained,  by  having  the  bed  of 
masonry  which  supports  the  legger  formed  into  a  little  furnace, 
and  gently  heated.  But  the  utmost  car^e  is  necessary  to  prevent 
the  heat  from  becoming  considerables.  Tliis,  enabling  the  oil  to 
dissolve  more  of  the  fermentable  substance  of  the  seed,  expo^s 
the  oil  to  the  risk  of  growing  soon  very  rancid ;  apd,  in  general, 
it  is  thought  jEL  hazardous  practice,  and  the  oil  doe9  not  Jt>riiig  sq 
high  a  priqe^ 

When  the  paste  comes  from  under  the  stones  it  is  put  into 
\]xe  hair  b$igs,  and  subjected  to  the  first  pressing.  The  oil  thus 
obtained  is  also  esteemed  as  of  the  first  quality,  scarcely  inferior 
to  the  former,  and  is  kept  apart:  (the  great  oil  cisterp  being 
divided  into  several  portions  by  partitions). 

The  oil  cakes  of  this  pressing  are  taken  out  of  the  bags, 
broken  to  pieces,  and  put  into  the  mortars  for  the  first  stamping. 
Here  the  paste  is  again  broken  down,  and  the  parenchyma  of 
the  seed  reduced  to  a  fiqe  meal.   Thus  free  egress  is  allowed  tp 
the  oil  from  every  yesicle  in  which  it  is  contained.     But  it  ijs. 
now  reqdered  much  tnoxe  clammy,  by  the  forcible  mixture  of 
the  miicila^e,  and  even  of  the  finer  parts  of  the  meal.     Whea 
sufficiently  pounded,  the  workman  stops  the  pestle  of  a  mortar, 
when  at  the  top  of  its  lift,  and  carries  the  contents  of  the  mortar 
to  the  first  chauffer  pan^  where  it  is  heated  to  about  the  tem- 
perature of  melting  bees-wax  (this,  wje  are  told,  is  the  test),  and 
all  the  while  stirred  about  by  the  spatula.     From  thence  it  is 
^gain  put  into  hair  bags,  in  the  manner  already  described ;  and 
the  oil  which  diips  from  it  during  this  operation  is  considered 
^s  the  best  of  the  second  quality,  and  in  some  mills  is  kept  apart. 
^Xhe  pfste  is  now  subjected  to  th/e  second  pressing,  and  the  oil 
is  that  of  the  second  <juality. 

All  this  operation  of  pounding  and  heating  is  performed  by 
^^ne  workman,  who  has  constant  employment  by  taking  the  four 
^^ortars  in  succession.  The  putting  into  the  bags  and  conduct- 
ing of  the  pressing  gives  equal  employment  to  another  workman. 
In  ihe  mills  of  Picardy,  Alsace,  and  most  of  Flanders,  the 
T>peration  ends  here ;  and  the  produce  from  the  chauffer  is  in- 
c^reased,  by  putting  a  spoonful  or  two  of  water  into  the  pai^ 
«%mong  the  paste. 

But  the  Dutch  take  more  pains.     They  add  no  water  to  the 
l>aste  of  this  their  first  stamping.    They  say  that  this  greatly 
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lowers  die  quality  of  the  oil*  The  cakes  which  result  from  this 
pressing,  and  are  there  sold  as  food  for  cattle,  are  still  fat  and 
softish.  The  Dutch  break  them  down,  and  subject  them  to  the 
pestles  for  the  second  stamping.  These  reduce  them  to  an  im- 
palpable paste,  stiff  like  clay.  It  is  lifted  out,  and  put  into  the 
second  chauffer  pan ;  a  few  spoonfuls  of  water  are  added,  and 
the  whole  kept  for  some  time  as  hot  as  boiling  water,  and  care- 
fidly  stirred  all  the  while.  From  thence  it  is  lifted  into  the  haur 
bags  of  the  last  press,  subjected  to  the  press ;  and  a  quantity 
of  oil,  of  the  lowest  quality,  is  obtained,  sufficient  for  giving  a 
satisfactory  profit  to  the  miller.  The  cake  is  Qow  perfectly 
dry,  and  hard,  like  a  piece  of  board,  and  is  sold  to  the  farmers. 
Nay,  the^e  are  small  mills  in  Holland  which  have  no  other  em- 
plo3rment  than  extracting  oil  from  the  cakes  which  they  pur- 
chase from  the  French,  and  Brabanters ;  a  clear  indication  of 
the  superiority  of  the  putch  practicje. 

The  nicety  with  which  that  industrious  people  conduct  all 
their  business  is  remarkable  in  this  manufacture* 

In  their  oil  cistern,  the  parenchymous  part,  which  unavoid- 
ably gets  through,  in  some  degree,  in  every  operation,  gradually 
subsides ;  and  the  liquor,  in  any  division  of  the  cistern^  comes 
to  consist  of  strata  of  different  degrees  of  purity.    The  pumps 
which  lift  it  out  of  each  division  are  in  pairs ;  one  takes  it  up 
from  the  very  bottom,  and  the  other  only  from  half  dopth.  Tb6 
last  only  is  barrelled  up  for  the  market,  at)d  the  other  goes  into 
a  deep  and  narrow  cistern,  where  the  dreg  again  subsides,  and 
more  pure  oil  of  that  quality  is  obtained.     Bv  such  careful  and 
judicious  practices,  the  Dutch  not  only  supply  themselves  with 
this  important  article,  but  annually  send  considerable  duantities 
even  into  those  provinces  of  France  and  Flanders  where  thejr 
bought  the  seed  from  which  it  was  extracted.     When  we  ireflert 
on  the  high  price  of  labour  in  Holland,  on  the  want  of  Umber 
for  machinery,  on  the  expense  of  building  in  that  country,  and 
on  the  enormous  expense  of  wind-mill  machinery,  both  in  the 
first  erection  and  the  subsequent  wear  and  tear,  it  must  be  evi« 
dent,  that  oil- mills  erected  m  England  on  water  falls,  and  after 
the  Dutch  manner,  cannot  fail  of  being  a  great  national  advan- 
tage.    The  chatellanie  or  seigneurie  of  Lille  alone  makes  an« 
nually  between  30,000  and  4d,000  barrels,  each  containing 
about  26  gallons. 

What  is  here  delivered  is  only  a  sketch.  Every  person  ac- 
quainted with  machinery  will  understand  the  general  movOf 
nicnts  and  operations.  But  the  intelligent  mechanic  welllmowp^ 
that  operations  of  this  kind  have  many  minute  circumstances 
which  cannot  be  described,  and  which,  nevertheless,  may  have 
a  great  influence  ou  the  whole.    The  rakes  in  the  bruisiii^-milt 
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imt  iOL  6ffiee  to  perform  Mrhich  resembles  thai  of  the  hand,  di- 
rected by  a  careful  eye  and  unceasing  attention.  Words  cannot 
.communicate  a  clear  notion  of  this ;  and  a  mill^  constructed 
ftbbi  the  best  drawings^  by  the  most  skilful  workman,  may  ga- 
rdier  the  seed  so  ill,  that  the  half  of  it  shall  not  be  bruised  after 
^aliy  rounds  of  the  machinery.  This  produces  a  scanty  return 
of  the  finest  oil ;  and  the  mill  gets  a  bad  character.  The  pro- 
|>rietor  loses  his  money,  is  discouraged,  and  gives  up  the  work. 
— iTiere  is  no  security  but  by  procuring  a  Dutch  millwright, 
and  paying  him  with  the  liberality  of  Britons.  Such  unhoped* 
for  tasks  have  been  performed  of  late  years  by  machinery ;  and 
toechanicai  knowledge  and  invention  are  now  so  generally  dif- 
JRised,  that  it  is  highly  probable  that  we  should  soon  excel  our 
teachers  in  this  branch.  But  this  very  diffusion  of  knowled^, 
py  eiicouraging  speculation  among  the  artists,  makes  it  a  still 
greater  risk  to  erect  a  Dutch  oil-mill  without  having  a  Dutch- 
tfian,  acquainted  with  its  most  improved  present  form,  to  conduct 
the  work.  {Supp.  Sncyc/o,  Britan.)  Another  description  of  ah 
pil-mil)  may  be  seen  in  the  Pantologia,  vol.  viii. 

Coring  of  ORDNANCE.  Till  within  a  few  years,  iroij 
|[>rdnatice  were  cast  with  a  cylindrical  cavity,  nearly  of  th^  di- 
mensions of  the  caliber  of  the  piece,  which  was  afterwards  en- 
btged  to  the  proper  caliber  by  means  of  steel-cutters  fixed  into 
^he  dog-head  of  a  boring  bar-iron.  Three  e(]^uidistant  side-cutters 
fvere  requisite  to  preserve  the  caliber  straight  and  cylindrical ; 
^d  ^  single  cutter  was  used  at  the  end  of  the  bar  to  Smooth  the 
pteech  ofthe  piece.  In  boring  ordnance  cast  hollow,  the  piece 
Mf^s  fix.ed  Upon  a  carriage  that  could  be  moved  backwards  and 
jFbrward^  in  a  direct  line  with  the  centre  of  a  water-wheel ;  in 
Ai|b  centre  was  fixed  the  boring-bar,  of  a  sufficient  length  to 
jhfeach  lip  to  the  breech  of  the  piece,  or  more  properly  to  the 
Airther  end  of  die  caliber.  The  carriage  with  the  piece  bein^ 
dtawti  b^ckwafds  from  the  centre  of  the  water-wheel  to  intro- 
,^^e  the  bpring  a^d  finishing  bars  and  cutters,  it  is  then  pressed 
^6i^Wards  upon  this  bar  by  means  of  levers,  weights,  &c.  and 
me  water-wheel  being  set  going,  the  bar  and  fullers  are  turned 
round,  and  cleap  out  and  sniopth  the  caliber  to  its  proper  di- 
jbieDSibn^. 

Experience  at  last  pointed  out  many  inconveniences  arisiuj^ 
from  the  method  of  casting  guns  JuJtow,  and  widening  the  cab- 
ers by  these  boring  bar^.  For  the  body  of  iron  of  the  hollow 
giin,  being,  at  casting,  in  contact  \Aih  the  pore  that  made  the 
paliber  within-side,  and  with  the  mould  withoiit-side,  began  to 
cdnsolidate  tov^ards  these  sides  in  the  firdt  pface  sooner  than  in 
the  intermediate  s^sU^e,  where  of  course  the  contraction  of  the 
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iron  takes  place ;  by  which  tneans^  all  guns  cast  hoDow  became 
more  or  less  spongy  where  they  ought  to  have  been  most  com- 
pact ;  and  numberless  cavities  also  were  created  round  the  cores, 
from  stagnated  air  generated  in  them,  whic|i  were  too  deep  to 
be  cut  out  by  the  boring. 

To  remedy  these  defects,  iron  ordnance  as  well  as  brass  is  now 
universally  cast  solid,  by  which  means  the  column  of  metal  is 
greatly  enlarged,  and  the  grain  mpre  compressed ;  and  the  con- 
traction becomes  in  the  heart  pf  the  column,  and  consequent^ 
19  cut  out  by  the  perforation  for  the  caliber. 

Guns  are  bored  out  of  the  solid  reverselv  from  the  hollow 
method.  The  piece  a  (pi.  XXI-)  is  placed  upon  two  standard^ 
BB,  by  means  of  two  journeys,  turned  round  by  a  water-wheel; 
the  brecjch  d  being  introduced  into  the  central  line  of  the  wheel, 
M'ith  the  muzzle  towards  the  sliding  carriage  u,  which  is  pressed 
forwards  by  a  ratch  f,  and  weights  in  the  same  way  as  tqe  g^iir 
carriage  w^as  in  hollow-boring.  Upon  this  sliding  carriage  is 
£xed,  truly  horizontal  and  central  to  the  gun,  the  drill-bar  o^ 
to  the  end  of  which  i^  fixed  ^  carp's  tongue  drill  or  cutter  h  j 
which,  being  pressed  fprw^d  upon  the  piece  whilst  it  is  turning 
round,  perforates  the  bore,  which  i§  afterwards  finished  with  bars 
and  cutters  as  the  holloyi^  guns  were. 

Th^  machinery  for  boring  of  ordnance  is  sometimes  put  in  moy 
^ou  by  a  steam-engine :  and  in  this  way,  from  Ig  to  24  great  gunf 
Jiave  been  boring  at  the.same  time;  the  borer  in  each  piece  bein^ 
bi'ougbjt  up  to  its  proper  place  in  the  gun,  by  a  l^ver  and  weights* 
In  this  ipethod  of  bringing  up  the  borer  the  pressure  may  always 
be  made  equable,  arid  the  motion  of  the  borer  regular;  but  th^ 
disadvantage  is,  that  withpijt  due  attention  the  borer  may  work 
up  top  far  towards  tlje  breech,  and  the  piece  be  spoiled.  In  th^ 
Royal  Arsenal  at  Woolwich,  only  one  piece  is  bored  at  a  tinae 
in  the  same  mil) :  the  gun  to  be  bored  lies  with  its  axis  parallel 
to  the  horizon,  and  in  that  position  is  turned  round  its  axis  by 
means  of  wheel-work,  moved  by  one  or  more  horses.  The 
borer  is  laid,  as  above  described,  in  the  direction  of  the  axis  of 
the  guri,  and  is  incapable  of  motion  in  any  direction  except  that 
of  its  lepgtb ;  and  in  this  direction  it  is  consjaptly  naoved  by 
means  of  a  small  rack-wheel,  kept  in  proper  motion  by  two 
men,  who  thus  make  the  point  of  t)ie  borer  so  to  bear  against 
the  part  of  the  gun  that  is  boring,  as  to  pierce  and  cut  it.  Th^ 
outside  of  the  gun  is  snaopthed  at  the  same  time  by  men  with 
instruments  fit  for  the  purpose,  whilst  il  turns  round,  so  that  wie 
}>pre  may  be  exactly  in  the  centre  of  the  metal. 

In  this  way  the  boring  is  performed  with  great  nicety,  the 
guns  scarcely  ever  failing  in  the  examination.  But  in  these  millii 
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the  horses  work  to  great  disadvantage^  the  diameters  of  the  walks 
in  which  they  move  being  far  too  small.  See  the  introductory 
part  of  this  volume,  art.  76. 

PARALLEL  motion,  is  a  term  used  among  practical  me- 
chanics to  denote  the  rectilinear  motion  of  a  piston  rod,  &c.  in 
the  direction  of  its  length :  and  contrivances  by  which  such  al- 
ternate rectilinear  motions  are  converted  into  rotatory  ones,  and 
vice  vei'sa,  in  pumps,  steam-engines,  saw-mills^  &c.  are  usually 
called  contrivances  for  parallel  motions. 

In- motions  of  this  kind  it  is  generally  thought  a  desirable  diing 
to  give  the  piston  rod,  the  saw,  or  the  like,  a  uniform  velocity 
through  the  whole  of  its  progress ;  then  to  bring  it  at  once  to  rest, 
again  to  give  it  instantaneously  a  finite  velocity  in  the  opposite 
direction,  and  so  on.    But  this  seems  impossible  in  nature ;  all 
changes  of  motion  which  we  observe  are  gradual,  because  all 
impelling  bodies  have  some  elasticity  or  softness  by  which  they 
yield  to  compression:  and,  in  the  way  in  which  pistons  are 
commonly  moved,  viz,  by  cranks,  or  something  analogous  to 
them,  the  motion  is  verj/  sensibly  gradual.   Hence,  it  may  be  ob- 
served that  most  attempts  to  correct  these  inequalities  in  motion 
jare  misplaced ;  and  if  they  could  be  accomplished  would  greatly 
injure  the  pump  or  other  machine.    One  of  the  best  methods  of 
producing  this  effect  is  to  make  the  piston-rod  consist  of  two 
parallel  bars,  having  teeth  in  the  sides  which  front  each  other. 
Let  a  toothed  wheel  be  placed  between  them,  having  only  the 
half  of  its  circumference  furnished  with  teeth.     It  is  evident, 
without  any  further  description,  that  if  this  wheel  be  turned 
uniformly  round  its  axis,  the  piston-rod  will  be  moved  uniformly 
up  and  down  without  intermission.     This  has  often  been  put 
in  practice,  and  the  piston-rod  made  to  work  between  grooved 
rollers;  but  the  machine  always  went  by  jolts,  aud  seldom 
lasted  a  few  days.     Unskilled  mechanists  attributed  this  to  de- 
fect in  the  execution :  but  the  fault  is  essential,  and  lies  in  the 
principle.     The  machine  could  not  perform  one  stroke  if  the 
;first  mover  did  not  islacken  a  little,  or  the  different  parts  of  the 
machine  did  not  yield  by  bending,  or  by  compression ;  and  no 
^strength  of  materials  could  withstand  the  violence  of  the  strains 
at  every  reciprocation  of  the  motion.     This  is  chiefly  experi- 
enced in  great  works  which  are  put  in  motion  by  a  water-wheel, 
or  some  other  equal  power  exerted  on  the  mass  of  matter  of 
which  the  machine  consists.     The  water-wheel  being  of  great 
weight  moves  witli  considerable  steadiness  or  uniformity;  and 
Avhen  an  additional  resistance  is  opposed  to  it  by  the  beginning 
of  a  new  stroke  of  the  piston,  its  great  quantity  of  motion  is  but 
"  little  affected  by  this  addition,  and  it  proceeds  very  little  retarded ; 
and  the  machine  must  either  yield  a  little  by  bending  aiid  com- 
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prtsiionf  or  go  to  pieces,  M4iidi  b  die  comtnOQ  tv&^t.  Cnvki 
«i^  free  from  this  inconvemetice,  because  they  accelerate  the 
piston  gradually,  and  bring  it  gradually  to  rest,  y/hUe  ^e  water- 
tvheel  mpves  round  with  almost  perfect  uniformity.  The  only 
inconvenience  (and  it  may  be  considerable)  attending  this  slow 
potion  of  a  piston  at  the  beginning  of  its  stroke  is,  that  the  valve$ 
,do  not  shut  with  rapidity,  so  that  some  water  gets  back  through 
them.  But  when  jt^iey  are  prpperly  formed  and  loaded,  this  is 
bilt  trifling. 

It  i^ould  seem,  then,  diat  thpae  contjriyances  ip  which  the 
piston-rod  communicates  the  rotatory  motioa  by  oceans  of  k 
crank,  or  something  similar  in  its  .effect,  are  naost  fit  to  be 
adopted  in  practice;  ana  ibat  the  attempt9  pf  mechanists  i^ 
,this  point  of  view  may  in  all  probability  be  properly  restrained 
jto  the  methods  of  keeping  the  piston-rod,  &c.  from  deyiating  to 
any  side,  during  its  alternate  motion.  Two  or  three  of  |he  bes| 
'methods  of  perfornnng  diis,  3vith  whicl^  we  are  acqua^njtjbd,  are 

the  fbllo^wing* 

1.  Let  a  fi^ed  circular  ^ng  wKose  diai%ejter  is  ,eqiial  to  th^e 
stroke  of  the  piston  hive  teeth  all  ^ound  t)ie  ^interior  part  of  its 
tircumfereiice ;  and  let  a  sipaller  wq^el  ^hps,e  diameter  is  only 
half  that  of  the  ring  have  equal  teeth  on  the  exterior  part  of  it$ 
rim,  to  play  into  the  teeth  of  the  ring :  let  the  axis  pf  the  wheel 
to  which  the  rotatory  motion  is  to  be  communicated  pass  through 
the  centre  of  the  larger  ring ;  and  let  a  moveable  4)ar  join  the 
centre  of  this  ring  to  that  of  the  smaller  wheel.  Then,  if  th$ 
Upper  extremity  of  the  piston-rod  be  attached  to  a  pin  fixed  oi| 
the  rim  of  the  inner  wheel,  at  the  place  where  the  two  wheels 
are  in  contact  in  their  lowest  point,  and  the  rod  be  put  intq 
motion,  it  will  cause  the  smalt  wheel  to  revolve  upon  the  inner 
part  of  the  fixed  ring,  and  by  this  means  give  the  proposed 
rotatory  motion  to  the  axis  passing  through  the  centre  of  the 
ring.  At  the  same  time  the  extremity  of  the  piston-rod  will  bi^ 
Confined  to  move  in  the  vertical  diameter  Pf  the  ring :  becausb 
it  is  made  to  describe  an  epicycloid  of  that  kind  which  is  fomie^ 
by  a  circle  rolling  along  the  inside  of  another  circle  of  dotible 
diameter;  in  which  case,  it  is  well  known,  the  epicycloid  be-^ 
Comes  a  diameter  of  the  larger  circle,  and  the  smaller  ^ircl^ 
makes  two  complete  revolutions  while  it  is  moving  from  auy^ 
one  point  of  the  larger  circle  to  the  same  point  again. 

This  contrivance  was  devised,  we  believe,  by  Mr.  White,  a 
Anglo-American.  It  is  almost  unnecessary  to  observe  that  th 
l^onverse  is  equally  applicable  in  the  conversion  of  a  rotator 
into  a  parallel  motion. 

2.  Another  method  is  represented  in  figure  10.  pi.  XXIlE 
where  the  piston-rod  is  kept  from  deviatiPd.    a  is  the  cy!inde:J^' 
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B  ttie  piston,  c  the  pistoiMtkl,  d  the  crank,  and  e  the  connect- 
ing rod  of  the  crank  and  piston-rod.     When  the  piston  is  at  e, 
the  crank  is  at  a ;  when  the  piston  is  at  b,  the  crank  is  either  at 
got  b\  and  when  the  piston  is  at  g^  the  crank  is  at/* :  so  that 
when  the  motion  of  the  crank  is  uniform  that  pf  the  piston  is 
variable,     'i'he  rod  h  equal  in  length  to  the  crank  d  moves 
about  the  centre  v,  and  is  joined  to  one  end  of  the  rod  i,  to  the 
other  end  of  which  is  connected  the  socket  l  that  receives  the 
top  end  of  the  piston-rod.     A  certain  point  m  is  taken  at  plea- 
sure in  the  rod  i,  to  carry  a  short  axle  tor  the  rods  k^  which  are 
broken  in  the  figure  to  shew  the  socket  l.     To  find  the  centre 
of  motion  of  the  rods  k,  move  the  end  l  of  the  rod  i  up  and 
down  in  the  vertical  line  cfa,  and  mark  three  positions  n,  tn,  r, 
of  the  point  m  on  that  rod :  describe  a  circle  to  pass  through, 
those  three  points ;  its  radius  will  be  equal  to  the  length  of  the 
rods  K,  and  its  centre  will  be  the  point  where  those  rods  must 
t>e  fixed  to  a  bolt  or  axle  in  the  framing.     This  contrivance 
causes  the  top  of  the  piston- Vod  to  move  from  p  by  l  to  o^  and 
1>ack  again  by  l  to  /? ;  and  the  dotted  lines  shew  the  position  of 
the  several  rods  at  the  extremities  of  the  motion. 

In  fig.  1 1,  pi.  XXIII.  we  have  given  a  horizontal  section,  to 
ihew  tfaie  connection  of  H,  i,  k,  &.c.  pointing  out  in  what  way 
i  grasps  L/and  e  both.  The  inequality  of  the  piston's  motion 
Will  be  reduced  by  making  the  connecting  rod  £  as  long  as  cir- 
cumstances will  permit. 

If  the  rod  i  were  extended  to  the  left  of  the  point  p,  the 
same  kind  of  apparatus  would  become  a  lever  with  a  moveable 
Tulcrum^  by  means-  of  which  a  weight  might  be  raised  in  a  ver- 
tical lilie  from  p  to  o ;  or  a  pump  piston-rod  worked  without 
deviation. 

This  construction  is  described  in  a  porismatic  form,  by  Pro- 
fessor Playfair,  in  his  Outlines  of  Nat.  Philosophy,  vol,  i.  art. 
S55.     See  also  pi.  XXXIX.  fig,  9*  d. 

3.  A  third  method  is  exhibited  in  fig.  8.  pi.  XXIII.  where 
there  are  ihtee  rods  a,  b,  and  c,  besides  the  connecting  rod  d. 
The  rods  a  and  c  are  of  equal  lengths,  and  the  connecting  rod 
is  attached  to  the  middle  point  of  tibe  rod  b.  The  guides  a,  and 
0,  are  fixed  at  their  ends  e,  and  f,  by  bolts  to  the  framing, 
llius  the  point  b,  to  which  is  fixed  the  top  of  the  piston-rod,  is 
made  to  move  in  the  right  line  6b6';  and  the  dotted  lines  shew 
the  positions  of  the  rods  at  the  extremities  of  the  stroke.  Fig.  7. 
shews  in  what  w^  the  piston-rod  p  and  connecting  rod  B  m^t 
be  joined  to  the  guides  b  and  c. 

This  method  and  the  preceding  were  devised  by  Mr.  William 
Pryden :  a  mechanic  whose  ingenuity  needs  not  our  encomium. 
*  A.  Another  method  is  shewn  in  fig.  \2.  pi,  XXIII%     a  and  » 
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are  two  bolts  in  the  framing  at  equal  distances  on  bpposite  sides, 
of  the  vertical  line  in  which  the  piston  is  to  move,  ac^bd^ 
two  bars  of  equal  lengthy  each  equal  to  about  half  the  distance 
AB.  CL>  DL^  two  other  equal  bars^  rather  more  than  double 
the  length  of  the  former,  moving  freely  on  joints  at  c  and  d^ 
At  L  is  a  socket,  as  in  fig.  10.  to  receive  the  top  of  the  piston- 
rod,  and  to  wliich  the  bars  cl,  dl,  and  the  connecting  rod  e, 
are  attached.  By  this  contrivance  it  is  obvious,  that  as  the 
rods  BC,  BD,  turn  upon  the  centres  A,  b,  in  contrary  directions, 
the  piston-rod  will  be  made  to  move  in  the  right  line  pm 
without  deviation;  nm  being  the  length  of  the  stroke.  The 
relative  lengths  of  the  bars  ac,  cl,  may  be  varied  at  plea- 
sure :  but  those  we  have  mentioned  will  be  found  as  well  as  any 
in  practice. 

5.  A  piston-rod  may  also  be  kept  from  deviating  to  eidier 
side,  while  it  gives  motion  to  a  crank,  and  vice  versa ^  thus: 
place  a  cross-bar  at  a  distance  from  the  end  of  the  cylinder  rather 
greater  than  the  stroke  of  the  piston,  and  make  the  piston-rod 
play  in  a  hole  made  in  this  cross-bar ;  let  an  axle  be  fixed  to  a 
proper  point  of  the  pistoii-rod  between  the  end  of  the  cylinder 
and  the  cross-bar,  and  from  this  axle  let  two  equal  connecting 
rods  pass  to  the  crank,  one  on  eacli  side  the  cross-bar  :  by  this 
simple  contrivance  the  alternating  and  circular  motions  may  be 
communicated  to  the  different  parts  pf  the  maghine  with  great 
facility. 

6.  A  rectilinear  vertical  motion  may,  again,  be  produced 
thus.  Two  of  the  adjacent  angles  of  a  parallelogram  are  made 
to  describe  concentric  circles,  so, that  the  side  between  them 
passes  through  their  centre,  and  one  of  the  remaining  angles 
another  circle  having  its  convexity  opposed  to  that  of  the  two 
former,  then  the  fourth  angle  of  the  parallelogram  will  describe 
a  line  that  differs  ii^ensibly  from  a  straight  line.  I'his  construc- 
tion is  the  invention  of  Mr.  Watt,  and  iiow  very  common. 

PARCIEUX'S  AjiEOMETER.     See  Vol.  1.  art.  401,  409. 

PATERNOSTER-woRK.  See  Hydraulic  Engines. 
No.  5. 

PENDULUM,  in  mechanics,  any  heavy  body,  so  suspend^ 
as  that  it  may  swing  backwards  and  forwards,  about  some  fixed 
point,  by  the  force  of  gravity. 

These  alternate  ascents  and  descents  of  the  pendulum  are 
called  its  oscillations,  or  vibrations ;  each  complete  oscillation 
being  the  descent  from  the  highest  point  on  cfhe  side  down  to 
the  lowest  point  of  the  arch,  and  so  on  up  to  the  highest  point 
on  the  other  side.  The  point  round  which  the  pendulum  movesj, 
or  vibrates,  is  called  its  centre,  of  motion,  or  point  of  suspension ;. 
and  a  right  line  drawn  through  the  centre  of  motion,  paralleljiic; 
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die  horizon,  and  perpendicular  to  the  plane  in  which  the  pen- 
dulum  moves,  is  called  the  axis  of  oscillation.  There  is  also  a 
certain  point  within  every  pendulum^  into  which,  if  all  the  mat- 
ter that  composes  the  pendulum  were  collected,  or  condensed  as 
into  a  point,  the  times  in  which  the  vibrations  would  be  per- 
formed would  not  be  altered  by  such  condensation ;  and  this 
point  is  called  the  centre  of  oscillation.  The  length  of  the  pen- 
'  dulum  is  always  estimated  by  the  distance  of  this  point  below 
the  centre  of  motion ;  being  usually  near  the  bottom  of  the 
pendulum ;  but  in  a  slender  cylinder,  or  any  other  uniform  prism 
or  rod  suspended  at  the  top,  it  is  at  the  distance  of  one-third 
from  the  bottom,  or  two-thirds  below  the  centre  of  motion. 

The  length  of  a  .pendulum,  so  measured  to  its  centre  of  oscil- 
lation that  it  will  perform  each  vibration  in  a  second  of  time, 
thence  called  the  second's  pendulum,  has,  in  the  latitude  of 
London,  been  generally  taken  at  39  i^  or  39^^  inches  \  but  by 
some  very  ingenious  and  accurate  experiments,  the  late  cele- 
brated Mr.  George  Graham  found  the  true  length  to  be  89  roV^ 
inches,  or  39t  inches  very  nearly. 

Thp  length  of  the  pendulum  vibrating  seconds  at  Paris  was 
found  by  Varin,  Des  Hays,  De  Glos,  and  Godin,  to  be  440^ 
lines;  by  Picard  440^  lines;  and  by  Mairan  440 y^  lines. 

In  our  first  volume  (book  II.  cli.  ii.),  where  the  theory  of 
pendulums  was  laid  down,  we  remarked  that  the  length  of  the 
second  pendulum  was  different  in  different  parts  of  the  earth. 
It  would  not  be  easy  to  exhibit  a  completely  accurate  theorem 
for  the  length  of  the  pendulum  at  all  places  on  the  earth's  sur- 
face :  but  besides  what  is  exhibited  in  art.  ^BQy  vol.  I.,  the  best 
and  most  simple  with  which  we  are  acquainted  was  first  given 
by  Mr.  Krafft  ia  the  New  Petersburgh  Memoirs,  voh  vii.  It  is 
this :  if  07  be  the  length  of  a  pendulum  that  swings  seconds  in 
any  given  latitude  /,  and  in  a  temperature  of  10  degrees  of 
Reaumur's  thermometer,  then  will  the  length  of  that  pendulum, 
for  that  latitude,  be  thus  expressed,  viz. 

X  =.  (439-178  +  2-321  sin*/)  lines  of  a  French  foot. 
And  this  expression  agrees  very  nearly,  not  only  with  all  the  ex- 
periments made  on  the  pendulum  in  Russia,. but  also  with  those 
of  Mr.  Graham,  and  those  of  Mr.  Lyons  in  79°  50'  north  lati- 
tude, where  he  found  its  length  to  be  241*38  lines. 

Since  metals  expand  by  heat  and  contract  by  cold,  pendulums, 
which  are  constituted  chiefly  of  metal,  must  be  subject  to  varia- 
tions in  consequence  of  such  expansion  and  contraction ;  and 
various  are  the  contrivances  which  have  been  devised  to  correct 
the  errors  in  the  estimates  of  time  which  have  been  thus  pro- 
duced :  a  few  of  these  will  here  be  described. 

The  vulgar  method  of  remedying  the  inconvenience  ariiing 
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froQi  the  ^tension  and  coatraction  of  ^  rodsof  comnoB  ped* 
duliuns  is  by  applying  the  bob,  or  small  ball,  with  a  scretv, 
at  the  lower  end;  by  which  meant  the  pendiilum  ia  at  any 
time  made  longer  or  shorter^  as  the  ball  is  screwed  downwarcb 
or  upwards ;  and  thus  the  time  of  its  vibration  is  kept  coatiniiaAy 
the  same. 

The  grt^Von  pendulum  was  the  invention  of  Mr.  John  Haf« 
rison,  a  very  ingenious  artist,  and  celebrated  for  his  invention  of 
the  watch  for  finding  the  difference  of  longitude  at  sea,  aboift 
the  year  1785  ;  and  of  several  other  time-keepers  and  watchee 
since  that  time : '  for  all  which  he  received  the  parliamentary  re- 
ward of  between  20  and  90  thousand  pounds.  It  consists  of 
5  rods  of  steel,  and  4  of  brass,  {daced  in  an  alternate  order ; 
die  middle  rod  being  of  steel,  by  which  the  pendulum  ball  is 
suspended:  these  rods  of  brass  and  steel,  thus  placed  in  an 
alternate  order,  and  so  connected  with  each  other  at  their  ends, 
that  while  the  expansion  of  the  steel  rods  has  a  tendency  to 
lengthen  the  pendulum,  the  expansion  of  the  brass  rods,  acting 
upwards,  tends  to  shorten  it.  And  thus,  when  the  kt^gths  of 
the  brass  and  steel  rods  are  duly  proportibned,  Aeir  expansions 
and  contractions  will  exactly  balance  and  correct  each  other, 
and  so  preserve  the  pendulum  invariably  of  the  same  length. 
The  simplicity  of  this  ingenious  contrivance  is  much  in  its  fa- 
vour; and  the  difficulty  of  adjustment  seems  the  only  objectioB 
to  it. 

Mr.  Harrison,  in  his  first  machine  for  measuring  time  at  sea, 
applied  this  combination  of  wires  of  brass  and  steel,  to  pre- 
vent any  alterations  by  heat  ot  cdid;  and  in  the  machines 
or  clocks  he  has  made  for  this  purpose,  a  like  method  of 
guarding  against  the  irregularities  arising  from  tfads  cause  is 
used. 

The  principal  objections  to  this  nK)de  of  compensation  are, 
1st.  The  difficulty  of  exactly  adjusting  the  lengths  of  the  rods. 
2dly.  Of  proportioning  their  thickness,  so  that  they  ^11  all 
begin  to  expand  or  contract  at  the  same  instant.  3dly.  The 
connecting  bars  of  a  pendulum  thus  constructed  are  apt  to 
move  by  starts.  4thly.  This  kind  of  pendulum  is  mqre  ex- 
posed to  the  air's  resistance  than  a  simple  pendulum. 

Another  excellent  contrivance  for  the  same  purpose  is  de^ 
scribed  by  M.  Thiout,  a  French  author  on  clock-making.  It 
M  as  used  in  die  north  of  England  by  an  ingenious  artist  about 
50  years  ago.  This  invention  is  as  follows :  a  bar  of  the  same 
metal  with  the  rod  of  the  pendulum,  and  of  the  same  dimeiH 
sions,'  is  placed  against  the  back  part  of  the  clock-case :  from 
the  top  of  this  a  part  projects,  to  which  the  upper  part  of  the 
pendulum  is  connected  by  two  fine  pliable  chaise  or  silken 
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•ttiogs^  wl^cb  jost  below  ^ass  between  two  plates  o£  bniasi 
wbos^  lower  edges  will  always  terminate  the  length  of  the  pen- 
diiluin  at  the  upper  end.  These  plates  are  supported  on  a  pe« 
distal  fixed  to  the  back  of  th^  case.  The  bar  reat9  upon  aa 
iiiunoveable  base  at  the  lower  part  of  the  case,  and  is  inserted 
iq^o  a  groove ;  by  which  means  it  is  always  retained  in  the 
same  position.  From^  this  construction,  it  is  evident  that  tho 
extep^ion  or  copU^Ction  of  this  bar,  and  of  the  rod  of  the 
pendilUuBy  will  be  equal,  and  in  contrary  directions*  For,  supr 
pose  the  rod  of  the  pendulum  to  be  expanded  any  given  quaoN 
tity  by  heat  ^  then,  as  the  lower  end  of  the  bar  rests  upon  a 
fixed  point,  the  bar  will  be  expanded  upwards,  and  raise  the 
upper  end  of  the  pendulum  just  as  much  as  its  length  was  in- 
creased; aod  hence  its  length  below  the  plates  will  hp  the  same 
as  before. 

in  Voigt'^  Magiizin  fuer  den  nevesten  Znstande  de  Na- 
turkunde,  vol.  iv.^  are  described  the  gridiron  pendulums  of  Mr* 
9f9lZ9nberg,  which  are  composed  of  lead  and  iron.  .  Mr.  B.  waa 
induced  tp  employ  lead  on  aqcount  of  its  great  dilatability,  whicH 
is  to  iron  %s  2*57  to  I,  so  that  IG'5  inches  of  lead  compensate 
rs  of  iron;  and  he  chose  iron  in  preference  to  steel,  because 
esuqer  to  work.  The  compensation  was  made,  by  a  single  rod 
in  the  9eQtr€»,  16  ^  inches  long,  French  measure,  and  half  an  inch 
thick.  It  was  simply  pinned  into  gorges  in  the  cross-piece  of 
copper ;  but  the  other  parts  of  th«  gridiron  were  rivetted  in  the 
i)sual  way*  The  iron  rods  were  made  of  the  best  thick  iron 
wire. 

The  materials  of  this  pendulum  are  cheap,  and  it  may  be 
tQa4e  in  a  qouple  of  days.  As  the  pressure  takes  place  in  a 
vertical  direction,  diere  is  n#  danger,  according  to  Mr.  B.,  of 
rods  of  these  dimensions  bending. 

To  correct  the  compensation,  the  central  rod  of  lead  must  be 
left  so  long  that  we  may  be  sure  the  compensation  b  in  excess. 
The  quantity  of  errpr  may  then  be  found  by  the  freezing  appa^ 
ratua,  and  how  much  it  is  requisite  to  cut  from  the  rod  may  be 
calculated  with  the  greatest  exactness. 

Thetnerctina/PENPULUM  was  the  invention  of  the  ingenious 
Mr.  Graham,  in  consequence  of  several  experiments  relating  to 
the  materials  of  which  penduluots  might  be  formed,  in  1715. 
Its  rod  i9  made  of  brass,  and  branched  towards  its  lower  end., 
so  as  to  embrace  a  qylindric  gl^ss  vessel  13  or  14  inches  long^ 
end  about  2  inches  diameter ;.  which  being  filled  about  12 
inches  deep  with  mercury,  forms  the  weight  or  ball  of.  the  pen- 
dulum.  If  upQU  trial  the  expansion  of  the  rod  be  found  too 
^reat  for  that  of  the  mercury,  more  mercury  must  be  poured 
lUtQ  die  vessel ;  if  the  expausion  of  the  mercury  exceeds  that 
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of  the  rod)  so  as  to  occasion  the  clock  to  go  fost  with  6eat| 
5om€  mercury  must  be  taken  oat  of  the  vessel,  so  as  to  shorten 
the  column.  i\nd  thus  may  tlie  expan^on^nd  contfaction  of 
the  quicksilver  in  the  glads  be  made  exactly  to  balance  the 
expansion  and  contraction  of  the  pendulum  rod,  so  as  to  pre^ 
serve  the  distance  of  the  centre  of  oscillation  from  the  point  of 
suspension  invariably  the  same. 

!'  Mr.  Graham  made  a  clock  of  this  sort,  and  compared  it  with 
one  of  the  best  of  the  common  sort,  for  three  years  together;  when 
he  found  the  errors  of  his  but  about  one  eighth  part  of  those  of 
the  latter.     Philos.  Trans,  numb.  392. 

The  only  defect  we  have  ever  heard  ascribed  to  this  pendulum, 
is  that  the  expansion  of  the  mercury  commences  sooner  than  that 
of  the  rod ;  but,  after  all,  there  are  many  strong  proofs  of  itsf 
practical  excellence. 

The  lever  pendulum.  From  all  that  appears  concerning 
this  construction  of  a  pendulum,  we  are  inclined  to  believe  that 
the  idea  of  making  the  difference  of  the  expansion  of  different 
metals  operate  by  means  of  a  lever  originated  with  Mr. 
Graham,  who  in  the  year  1737  constructed  a  pendulum, 
having  its  rod  composed  of  one  bar  of  steel  between  two  or 
brass,  which  acted  upon  the  short  end  of  a  lever,  to  the  other 
eud  of  which  the  ball  or  weight  of  the  pendulum  was  sus« 
pended. 

This  pendulum  however  was,  upon  tiial,  found  to  move  by 
jerks  ;  and  therefore  laid  aside  by  the  inventor,  to  make  way  for 
the  mercurial  pendulum,  Just  mentioned. 

Mr.  Short  informs  us  m  the  Philos.  Trans,  vol.  47,  art.  88, 
that  a  Mr.  Fotheringham,  a  quaker  in  Lincolnshire,  caused  a 
pendulum  of  this  kind  to  be  made:  it  colisisted  of  two  bars,  one 
of  brass,  and  the  other  of  steel,  fastened  together  by  screws, 
with  levers  to  raise  or  let  down  the  bulb  ;  above  which  these 
levers  were  placed.  M.  Cassini  too,  in  the  History  of  the 
Royal  Academy  of  Sciences  at  Paris,  for  1741,  describes  two 
sorts  of  pendulums  for  clocks,  compounded  of  bars  of  brass  an(f 
steel ;  and  in  which  he  applies  a  lever  to  raise  or  let  down  the' 
bulb  of  the  pendulum,  by  the  expansion  or  contraction  of  the 
bar  of  brass. 

Mr.  John  EHicott  also,  in  the  year  173S,  constructed  a  pen- 
dulum on  the  same  principle,  but  differing  from  Mr.  Graham'j^ 
in  many  particulars.  The  rod  of  Mr.  Ellicott's  pendulum  was 
composed  of  two  bars  only ;  the  one  of  brass  and  the  other  of 
steel.  It  had  two  levers,  each  sustaining  its  half  of  the  ball  or 
weight ;  with  a  spring  under  the  lower  part  of  the  ball  to  relieve 
the  levers  from  a  considenible  part  of  its  weight,  and  so  to  ren- 
der their  motion  more  smooth  and  easy.    The  one  lever  in  Mr. 


Orahbm's  construction  was  above  tbe  ball  i  whereas  both  the 
levers  in  Mr.  Eliicott's  were  within  the  ball;  and  each  lever  had 
an  adjusting,  screw,  to  lengthen  or  shorten  the  lever,  so  as  to 
render  the  adjustment  the  more  perfect.  See  the  Philos.  Trans* 
vol,  47,  p.  479 ;  where  Mr*  Ellicott's  methods  of  construction 
are  described,  and  illustrated  by  iigures. 

.  Notwithstanding  the  great  ingenuity  displayed  by  these  emi- 
nent artists  on  this  construction,  it  must  further  be  observed,  in 
^e  hbtory  of  improvements  of  this  nature,  that  Mr*  Cum* 
ming,  another  eminent  artist,  has  given,  in  his  Essays  on  the 
Principles  of  Clock  and  Watch-work,  Lond.  1766,  an  ample 
description,  with  plates,  of  a  construction  of  a  pendulum  with 
levers^  in  which  it  seems  he  has  united  the  properties  of  IVfr. 
Gitdiam^s  and  Mr.  Ellicott's,  without  being  liable  to  any  of  th^ 
defects  of  either.  The  rod  of  this  pendulum  is  composed  of 
one  flat  .bar  of  brass,  and  two  of  steel :  he  uses  three  levers 
within  the  ball  of  the  pendulum ;  and,  among  many  other  in*- 
genioos  contrivances,  for  the  more  accurate  adjusting  of  this 
pendulum  to  mean  time,  it  is  provided  with  a  small  ball  and 
screw  below  the  principal  ball  or  weight,  one  entire  revolution 
of  which  on  its  screw  will  only  alter  the  rate  of  the  clock's  going 
one  second  per  day ;  and  its  circumference  is  divided  into  30, 
one  of  which  divisions  will  therefore  alter  its  rate  of  going  one 
second  in  a  month. 

Mr*  Edward  Troughton  has  lately  invented  a  tubular  pendii*- 
lum,.  which  acts  on  the  principle  of  the  gridiron  pendulum  :  in 
this  construction  the  apparent  rod  is  a  tube  of  brass  reaching 
from  the  bob  nearly  to  the  top ;  this  contains  another  tube  and 
five  wires  in  its  belly,  so  disposed  as  to  produce  altogether  (like 
the  nine-bar  gridiron  of  Harrison)  three  expansions  of  steel 
.downwards,  and  two  of  brass  upwards;  whose  lengths  being 
inversely  proportioned  to  their  dilatation,  when  properly  com- 
bined, destroy  the  whole  effect  that  either  metal  would  have 
singly.  The  small  visible  part  of  the  rod  near  the  top  is  a  brass 
tube,  whose  use  is  to  cover  the  upper  end  of  the  middle  wire, 
M'hich  is  single,  and  otherwise  unsupported.  Drawings  of  this 
pendulum  may  be  seen  iu  Nicholson's  Journal,  No.  36.  N.  S. 

For  another  ingenious  compensation  pendulum  of  steel  and 
zinc,  by  Mr»  Adam  Reid,  we  refer  to  the  article  Pendulum  in 

thePANTQLOGlA* 

After  all,  so  long  as  the  vibration  of  pendulums  is  performed 
.ia  a  medium  of  varying  density,  we  tnlist  not  look  for  an  accu- 
rate time-'piece  for  ascertaining  the  longitude,  &c. ;  unless  a 
self-correcting  mercurial  pendulum  could  be  contrived,  adapted 
to  counteract  the  smallest  variations  effected  by  the  ambient 
'air.  J, The  errors  of  a  time-piece  are  but  half  corrected  by  the 
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Aibriclrtioh  of  pendulums  adapted  to  obviate  ttie  etpitosioft  ht 
faietals  by  inccease  of  temperature^  if  the  works  themselves  stUl 
remain  constructed  of  such  expansible  niaterials;  A  correct 
time-piece,  therefore,  \vill  be  that  of  which  not  only  the  wOrkf 
and  pendulum  are  constructed  of  the  least  expansible  materials, 
but  the  pendulum  itself  shall  vibrate  in  a  medium  of  unalterable 
density ;  a  desideratum  only  to  be  obtained  by  causing  the  vibra-' 
lions  to  be  performed  in  vacuo^  or  by  a  self-correcting  p^ndu^ 
lum,  as  above  alluded  to.  Mr*  G.  J;  Wright,  of  Kenmngton, 
^ho  has  some  observations  dn  this  subject  in  Tilloch's  Philo- 
Hbphical  Magazine,  No.  51.  says  the  best  substance  td  compose 
Ae  works  of  a  correct  timeJceeper  is  ivory,  or  the  horn  of  the 
'iiarwhal  or  sea-unicorn  (i^hich  is  almost  entirely  compost  of 
tetiatnel);  especially  if  any  means  were  knoWn  of  ii^ct^asing  theii" 
liafdness  so  as  to  vie  with  the  metals. 

The  mo^t  general  remedy  against  the  chief  inconveniences  of 
p^ndQlumS)  is  to  tnake  them  longj  to  vibrate  in  small  arcs,  and 
to  have  the  bobs  as  ponderous  as  is  consistent  with  the  sttiictur6 
of  the  itiachine.  In  those  cas^s  where  it  is  wished  to  increase 
the  time  of  vibration  without  increasing  the  length  of  th^  p\&o^ 
dulum,  recourse  may  be  had  to  the  angular  pendulum,  the 
theory  of  which  has  been  given  in  art.  311,  vol.  1. 3  or  to  the 
pendulupi  formed  of  a  slender  cylinder  with  a  ball  at  ^ch  end^ 
and  a  contrivance  for  a  moveable  centre  of  tnotibn,  as  a&read|f 
explained  in  the  same  article  of  the  first  volume.  Alciti  to  thn 
is  the  contrivance  described  by  M^  Prol[^y>  at  p.  229,  ConiUMs^ 
sance  des  Terns  pour  Fan  1817* 

Hydraulic  pendulum,  a  simple  contrivance  by  which  the 
rectilinear  motion  of  flowing  motion  is  made  to  communicate 
ail  alternating  motion. 

T\ie  hydraulic  pendulum  of  Perrault  (pi  XXXVIII.  fig.  4A. 
and  suppi  b)  is  a  chest  or  cask  A  bod  moveable  on  t^Vo  pivots  fA^ 
and  divided  into  two  parts  by  the  partition  cD.  When  the 
bottom  AB  of  this  vessel  is  horizontal,  thie  water  from  th!& 
source  m  falls  oh  c  the  middle  of  ^  the  partition.  Immediat^fy 
it  becomes  inclined,  the  water  falls  into  the  part  siich  as  H, 
elevated  above  the  horizon  ;  this  part  of  the  v'essel  increases  ib 
weight  in  proportion  as  it  fills  with  water ;  when  it  is  fbll  the 
entire  vessd  turns  on  its  axis,  and  the  water  from  the  source 
falls  in  the  part  ac  of  the  vessel,  which  in  consequence  filling 
up,  the  weight  causes  it  to  oscillate :  this  oscillatory  motion 
will  be  common  to  a  pendulum  bar,  or  to  any  other  b6dy  At- 
tached to  the  double  vessel. 

In  the  hydraulic  pendulum  of  M.  Boitias  (pi.  XXXVIII. 
fig.  4  e),  there  is  placed  at  the  inferior  extremity  of  apendnlOm 
a  very  large  iioat^board,  moveable  on  pivots  which  tum  on  the 
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psitdtel  blanches  of  a  fram^  fiked  to  the  pendulum,  lliis  fioat- 
board  will  assume  alternately  the  vertical  and  the  horizontal  pc^ 
lifion.  In  the  first  it  plunges  into  the  stream  and  receives  the 
impuhion  of  the  Water ;  the  float-board  moves  with  the  petldU* 
lum,  and  having  reached  th^  lowest  point  of  its  osdllatidtl^  a 
toUnterW^ight  tauses  it  to  turn  on  its  pivot  alid  gives  it  the 
Iroris^ntnl  position  :  then  th^  pendulum^  the  weight  of  which  is 
no  longer  counterbalanced  by  the  action  of  the  Water,  takes  ds 
welt  as  the  float 'board  the  horizontal  position,  and  commences  a 
ttW  oscillation.  Instead  of  eniployitig  a  coiititerweight  to  opeh 
and  shut  the  float-board,  there  may  be  employed  tvrb  cofds  dt- 
tilched  tb  flxed  points  £ind  to  the  float-board;  these  threads 
^l^tched  by  the  pendulum  will  draw  the  float-boarcf  at  the  b^ 
gintiiiig  atid  end  of  the  oscillation,  add  caude  it  to  assume  suc- 
cessively its  horizontal  and  vertical  positions.  The  hydraulic 
C^dUlum  does  not,  like  the  common  pendulum^  oscillate  oh 
Ih  ^ides  of  the  vertical,  but  simply  on  ode.  It  moves  oh 
tbwat^s  thdt  side  to  which  it  is  impelled  by  the  motion  of  the 
Water,  till,  reaching  the  highest  point  of  its  oscillation,  the  AbAi" 
bdsfrd  bpens,  and  the  Whole  is  brought  back  by  its  own  weight 
to  Afe  vertical  position ;  in  that  position  the  float-board  agdh 
tloses  the  frame,  and  the  impulsion  of  the  water  upon  it  ciluS6» 
li  to  oscillate  again.    And  so  on. 

1p£1^STOCa  is  a  sluice  or  floodgate,  serving  to  retain  dr 
let  go  at  pleasure  the  water  of  a  mill-pond.  The  following  is 
A  description  of  a  pen  trough  and  stock  for  equalising  the  w^ter 
latting  oh  water-wheels,  by  George  Quayle,  esq. 

To  insure  a  regular  supply  of  water  on  the  wheel,  and  to  ob- 
viate the  inconveniences  arising  from  the  usual  mode  of  deliver- 
ing it  from  the  bottom  of  the  pentrough,  this  method  is  deviled 
oiregulating  the  quantity  delivered  by  a  float,  and  taking  the 
whole  of  the  water  from  the  surface. 

Section  of  the  pentrough.  (Plate  XVI.  fig.  4.)  A,  the  etf- 
frahce  of  the  water,  b,  the  float,  having  a  circular  aperture  ih 
(be  cefitre :  in  which  is  suspended  c,  a  cylinder,  running  dovrh  - 
te  the  case  t  below  the  bottom  of  the  pentrough.  Tliis  is 
made,  water  tight  at  the  bottom  of  the  pentrough  at  f,  by'  a 
ledther  collar  placed  between  two  plates,  and  screwed  down  to 
the  bottom. 

'The  cylinder  is  secured  to  the  float  so  as  to  follow  its  rise  and 
fell ;  and  the  water  is  admitted  into  it  through  the  opening  in 
liM  sides,  and  there,  passing  through  the  box  or  case  e,  rises  ittd 
isdues  at  g  on  the  wheel.  By  this  means,  a  uniform  quantity  of 
w^ter  is  obtained  at  g;  which  quantity  can  be  increased  or  dimi- 
nisfaed  by  the  assistance  of  a  small  rack  and  pinion  attached  to  the 
cylinder,  whicb  Wfll  raise  or  depress  the  cylinder  above  or  under 
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the  water  line  of  the  float ;  and^  by  raising  it  up-  to  the  top^  if 
stops  the  water  entirely,  and  answers  the  purpose  of  the  common 
shuttle.  This  pinioti  is  turned  by  the  handle  h,  similar  to  a 
winch-handle ;  and  is  secured  from  running  down  by  a  ratchet- 
wheel  at  the  opposite  end  of  the  pmion  axis. 

K  and  L  are  two  upright  rods  to  preserve  the  perpendicular 
rise  and  sinking  of  the  float,  running  through  the  float,  and  se- 
xured  at  the  top  by  brackets  from  the  sides. 

M,  a  board  let  down  across  the  pentrough  nearly  to  the 
.b6ttom,  to  prevent  the  horizontal  impulse  of  the  water  from  di&* 
turbing  the  float. 

Fig.  5.  A  transverse  section,  shewing  the  mode  of  fixing  the 
rack  and  pinion,  and  their  supports,  on  the  float.  Tlie  rack  is 
inserted  into  a  piece  of  metal  running  across  the  cylinder  near 
the  top.  That  the  water  may  pass  more  freely  when  nearly  ex« 
hausted,  the  bottom  of  the  cylinder  is  not  a  plane,  but  19  cut 
away  so  as  to  leave  two  feet,  as  at  c,  fig.  4.  The  float  is  also 
kept  from  lying  on  the  pentrough  bottom  by  four  small  feet ;  so 
that  the  water  gets  under  it  regularly  from  the  first.  .     . 

Fig.  6.  An  enlarged  view  of  the  cylinder,  shewing  the  rack 
and  ratchet-wheel,  with  the  click,  and  one  of  the  openinigs  on 
the  side  of  the  cylinder :  the  winch  or  handle  being  on  the  oppo* 
site  side,  and  the  pinion,  by  which  the  rack  is  raised,  inclosed  in 
a  box  between  them.  (Transactions  of  the  Society  of  Arts^  vol. 
XL  A.  D.  1793.) 
.    PERSIAN-WHEEL.    See  Hydraulic  EwgiW^.  No,  4. 

PILE-ENGINE,  a  machine  by  which  piles  are  driven  into 
)he  earth  for  the  foundations  of  piers  and  other  structures. 

In  pile-engines  the  contrivance  consists  in  drawing  up  a  great . 
weight,  called  a  ram  or  hammer,  to  a  moderate  heiglit,  and  then 
letting  it  fall  freely  with  a  considerable  momentum  upon  the 
bead  of  the  pile.  In  the  most  simple  pile  engines  the  ram  is 
drawn  up  by  men  pulling  at  a  cord  running  over  a  fixed  pulley, 
and  suffering  the  cord  to  slip  from  their  hands  when  the  weight 
is.sufliciently  elevated.  Among  more  complex  engines,  the  be£it 
we  have  seen  are  those  invented  by  Mr.  Vauloue  and  by  Mr. 
S.  Bunce. 

.  Description  of  Vauloue^ s  pile-engine.  (See  pi.  XXILJ  a  is 
a  great  upright  shaft  or  axle,  on  which  are  the  great  wheel  b 
and  the  drum  c,  turned  by  horses  joined  to  the  bars  6,  s. 
The  wheel  b  turns  the  trundle  X,  on  the  top  of  whose  axis  is 
*  the  fly  o,  which  serves  to  regulate  the  motion,  as  well  as  to  act 
against  the  horses,  and  to  keep  them  from  falling  M'hen  the 
heavy  ram  q  is  discharged  to  drive  the  pile  p  down  into  the 
mud  in  the  bottom  of  the  river.  The  drum  c  is  loose  upon 
the  shaft  A,  but  is  locked  t^o  the  wheel  b  by  the  bolt  y.     Oh 
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this  drum  the  great  rope  hh  is  wound;  one  end  of  the  rope 

being  £xed  to  the  drum  and  the  other  to  the  follower  G,  to 

.which  it  is  conveyed  by  the  pulleys  i  and  k.  In' the  follower  g  is 

contained  the  tongs  F^  that  take  hold  of  the  ram  q  by  the  staple 

£  for  drawing  it  up.    D  is  a  spiral  or  fusee  fixed  to  the  drum, 

on  which  is  wound  the  small  rope  t  that  goes  over  the  pulley  u^ 

under  the  pulley  v^and  is  fastened  to  the  top  of  the  frame  at  7. 

To  the  pulley-block  v  is  hung  the  counterpoise  w,  which  hinders 

the  follower  g  from  accelerating  as  it  goes  down  to  take  hold 

of  the  ram ;  for  as  the  follower  tends  to  acquire  velocity  in 

its  descent,  the  line  t  winds  downwards  upon  the  fusee  on 

^  larger  and  larger  radius,  by  which  means  the  counterpoise  w 

acts  stronger  and  stronger  against  it;  and  so  allows  it  to  come 

down  with  only  a  moderate  and  uniform  velocity.    The  bolt  y 

locks  the  drum  to  the  great  wheel,  being  pushed  upward  by 

the  small  lever  2,  which  goes  through  a  mortise  in  the  shaft  A^ 

turns  upon  a  pin  in  the  bar  3,  fixed  to  the  great  wheel  b,  and 

)ias  a  weight  4,  which  always  tends  to  push  up  the  bolt  y 

through  the  wheel  into  the  drum.     L  is  the  great  lever  turning 

on  the  axis  m,  and  resting  upon  the  forcing  bar  5,  5,  which 

J|;oe8  through  a  hollow  in  the  shaft  a,  and  bears  up  the  little 
ever  2. 

By  the  horses  going  round,  the  great  rope  h  i^  wou^d  ab^out 
the  drum  g,  and  the  ram  q  is  d/'awn  up  by  the  tongs  f  in  the 
follower  Q,  until  the  tongs  come  between  the  inclined  planes  £ ; 
Mrhich  by  shutting  the  tongs  at  the  top,  opens  it  at  the  foot,  and 
discharges  the  ram,  which  ^alls  down  between  ijae  guides  bfy 
lipon  the  pile,  p,  and  drives  it  by  a  few  strokeis  as  fyr  into  the 
Ihud  as  it  will  go;  after  which,  the  top  part  is  sawed  off  close 
to'tiie'mud  t>y  an  engine  for  that  purpose.  Immediately  after 
ibe  ram  is  discharged,  the  piece  6  upon  the  follower  G  takes 
bold  of  the  ropes  aa,  which  raise  the  end  of  the  lever  x,  and 
bause  its  c^nd  n  to  descend  and  press  down  the  forcing  bar  5 
lipon  the  little  lever  2,  which  by  pulling  down  the  bolt  y^ 
uolocks  the  drum  c  fron^  the  great  wheel  b;  and  then  the 
follower  being  at  liberty  cpmes  down  by  its  own  weight  to  the 
ram ;  ai^  the  lower  ends  of  the  tongs  slip  over  the  staple  p, 
and  the  weight  of  their  heads  causes  them  to  fall  outwanl  and 
shut  upon  it.  Then  the  weight  4  pushes  up  the  bolt  y  into  the 
drum,  which  locks  it  to  the  great  wheel,  and  so  the  ram  is  drawi^ 
up  as  before. 

As  the  follower  comes  down,  it  causes  the  drum  to  turn  back- 
waxd,  and  unwinds  the  rope  from  it,  whilst  the  horses,  great 
l^heel,  trundle,  and  fly,  go  on  with  an  uninterrupted  motion;  and 
i9  ffiedrum  is  turned  backward,  the  counterpoise  ifr  is  drawn 
up,  and  its  rope  t  wouiid  upon  the  spiral  fusee  p. 
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Tbera  ^re  several  holes  in  the  under  side  of  the  drum,  and  the 
bolt  Y  always  takes  the  first  of  them  that  it  finds,  when  die 
drum  stops  Jby  the  falling  of  the  follower  upon  the  r^m;  until 
which  stppDfige  the  bolt  has  not  time  to  slip  into  any  of  the 
holes. 

'  The  pecqliar  advantages  of  this  engine  are,  that  die  weight 
called  the  ran),  o/ hammer,  may  be  raised  widi  the  least  force; 
that,  whfsu  it  is  /aised  to  a  proper  height,  it  readily  disengages 
^t^elf  and  falls  with  the  utmost  freedom ;  that  the  forceps  or 
tongs  aris  lowered  down  speedily,  aqd  instantly  of  themselves 
agam  li)^'  hold  of  the  ram  and  lift  it  up* 

This  engine  was  placed  upon  a  barge  on  the  water,  and  so 
was  easily  conveyed  to  any  place  desired.  The  ram  was  a  ton 
weight  ^  s^d  the  guides  bb,  by  which  it  wa|s  let  fall,  were  50  feet 
high. 

Description  of  Bunce's  Pile-engine. 

Fig.  1  an4  ^.  plate  XXII.  represeqt  a  side  and  front  section 
t>f  the  machine.  The  chief  parts  are.  A,  fig.  1.  which  are  two 
endless  ropes  or  chains,  connected  by  cross  pieces  of  iron,  ^ 
(fig.  2.),  corresponding  with  two  cross  grooves  cut  diametrically 
opposite  in  the  wheel  c  (fig.  1.),  into  which  they  are  received} 
and  by  which  means  the  rope  or  chain  A  is  carried  round,  fhk 
is  a  9ide-view  of  a  strong  woodeu  frame  moveable  on  the  axi^  h* 
i>  is  a  wheel,  over  which  the  chain  passes  and  turns  within  i(t 
the  top  of  the  frame.  It  moves  occasionally  from  F  to  a  upoi| 
die  centre  h,  and  is  kept  in  the  position  f  by  the  weight  i 
4xed  to  the  end  k.  In  fig.  3.  l  is  the  iron  ram,  which  is  con- 
nected with  the  cross  pieces  by  the  hook  m.  n  is  a  cylindrieal 
piece  of  wood  suspended  at  the  hook  at  o,  which,  by  sliding 
freely  up  the  bar  that  connects  the  hook  to  the  ram,  always 
brings  the  hook  upright  upon  the  chain  when  at  die  bottom  of 
^e  machine,  in  the  position  of  gp.     See  fig.  1. 

When  the  man  at  s  turns  the  usual  crane-work,  the  ram  being 
connected  to  the  chain  apd  passing  between  the  guides,  is  drawn 
up  in  a  perpendicular  direction;  apd  when  it  is  near  the  top  of 
the  machine,  the  projectipg  bar  Q  of  the  hook  strikes  against  ^ 
cross  piece  of  wood  at  r  (fig.  1.},  and  consequendy  dbcharges 
t)ie  r^m;  while  the  weight  i  of  the  moveable  frame  instandy 
draws  the  upper  wheel  into  the  position  shewn  at  f,  and  keeps 
the  chain  free  of  the  ram  in  its  descent.  The  hook,  while  dof- 
scending,  is  prevented  from  catching  the  chain  by  the  wooden 
piece  N :  for  that  piece  being  specifically  lighter  than  the  iron 
weight  below,  and  moving  with  a  less  degree  of  velocity,  capnot 
come  into  coqtapt  with  the  iron  till  it  is  at  the  bottom  and  die 
rani  stops.  It  then  falls^  an4  again  connects  the  hook  widi  fhe 
chain,  which  draws  up  fhe;  ram  ^a  before* 
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In  this  machiae,  as  well  as  Vauloue's,  the  motion  of  the  ^st 
wheel  IB  uninterrapted,  so  that  very  Uftle  time  is  lost  in  jhe 
deration:  with  a  slight  ilteratiou  it  mi^^t  be  made  to  work 
with  hordes.  It  has  the  advaotage  over  Vauloue's  engiae  in 
point  of  simplicity^  it  ma;  be  originally  constructed  at  less  ex- 
pence,  and  is  not  so  liable  to  be  deranged.  Both,  however,  are 
ingenio'us  performances,  and  part  of  th^ir  construction  might 
be  advantageously  introduced  into  other  machines. 

S*ip£S,.  for  conveying  of  water,  for  pumps,  water-engiues,^ 
Sccl  are  usually  of  lead,  iron,  earth,  or  wood :  the  latter  are  usuall]{ 
ipade  of  oak  or  elder.  Those  of  iron  are  cast  in  forge;;  th^ 
lisnal'  length  is  from  six  to  eight  feet:  several  of  these  ara 
commonly  fastened  together  by  means  of  four  screws  at  eac^ 
end,  with  leather  or  old  hat  between  them,  to  stop  the  water, 
'tliose  qf  earth  are  made  by  the  potters ;  these  are  fitted  intq 
one  another,  one  end  being  always  made  wider  than  the  other. 
'^o  join  them  the  closer  and  prevent  the;r  breaking,  they  are 
{Covered  with  tow  and  pitch:  their  length  is  usually  about  that  of 
the  iron  pipes.  The  wooden  pipes  ve  tr^es  \io\eA  with  largf^ 
iron  augers  of  differ^t  sizes,  beginning  with  a  less,  and  tbeq^ 

Sroceecqng  with  a  larger  successively;  die  first  being  pointe(|, 
le  rest  being  formedlike  spoons,  increasing  in  diameter  fro^ 
Ipne  to  sjx  inches  or  more ;  the  pipes  a^^  ^tted  into  the  ^xtre- 
puUes  of  each  other  (as  represented  iu  pi.  ^XII.  fig.  1.)^  t^n^ 
afe.  sold  by  the  foot. 

"Woodei^  pipes  are  bored  eiUt^r  by  a  borer  advancing  horir 
loqtally  wftile  -the  wood  to  be  pierced  ts  turned  round,  in  som^ 
.  pnch  manner  as  in  boring  of  ordnance ;  or,  by  causing  thi; 
limber  to  be  gradually  advanced,  while  the  borer  turns  roufd : 
ttie  latter  method  \t_  Uie  most  common.  The  apparati^  nio^t 
pequently  adopted,  when  the  first  mover  is  a  stream,  of  water, 
%tpat  invented  by  M.  Morel,  and  described  by  Belidor  (Ar^ 
tecture  Hydraulic]uei  torn.  I.)  This  machinery  is  represented  af 
pi.  XXII.  fig.  I.  where  t^e  vertical  wheel  a  is  put  into  4fotioa 
by  water  descendiug  upqn  it  through  a  trough  or  sloping  cao^: 
upon  the  horizontal  a4?  '^^  ^'^  whefil  is  a  cog-wheel  b,  which 
gives  motion  lo  the  lantern^  c,  D,  the  common  axb  of  thea? 
faiitenis  being  in  a  ver^c^l  pos^ion.  The  laatern  p  turps  at 
the  same  time  two  coj-wheels  E  iind  t :  the  ^i;st,  &,  whichis 
vertical,  lurna  the  auger  tfi^t  bore?  th?  wood:  and  the  secqn^ 
ji  which  is  horizontfu,  ha*  attached  to  it  by  a  pin  which  is  at  % 
Bpiall  dis^ce  from  it5  centfe,  a  I?yer  9tr  ar«>  B,  witl>  a  V99\  at 
its  end,  taking  into  the  indentatipns  of  ofie  of  the  wheels  of  ^ 
carriage  that  carries  the  wood  to  be  bflied.  Anpt^er  levcT,  I» 
jiapgiDg  upoji  the  former,  i«  prevented  froiq  f«Il^  l^y  a  s^mi^ 
and  pushes  by  its  extremity  against  ^»  ii(}Ki^  of  %  lovei  end 
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of  the  same  wheel.  Thus,  as  the  cog-wheel  turns  round,  the 
carriage-wheel  is  first  pulled  forward  by  the  hook  and  lever  h, 
and  then  pushed  backward  as  far  by  the  arm  i ;  by  this  means 
causing  a  pinion  upon  the  axle  of  the  carriage-wheel  to  advance 
the  rackwork  above  it,  togelher  with  th^  limber  to  be  bored ;  so 
that  the  timber  is  advanced  by  a  slight  reciprocating  motion  of 
the  carriage.  The  auger,  being  generally  &oiue  feet  in  length, 
plays  in  holes  in  two  pieces  l,  l,  which  retain  it  in  its  hori« 
2^ontal  position;  and  thus  it  formd  a  cylindrical  cavity  in  the 
wood,  as  required. 

For  an  account  of  the  ingenious  method  of  boring  stone  pipe9 
employed  at  the  Fox-Hill  Quarry,  in  Gloucestershire,  see  the 
article  pipe  in  the  Pantologia. 

PLANET  WHEALS  are  wheels  by  whose  mutual  connectioo. 
a  variable  angular  motion,  such  as  that  of  the  radius  vector  of  a 
planet  in  its  orbit,  may  be  exhibited.  The  common  contrivance: 
n6\y  in  use  for  this-  purpose  was  invented,  we  think,  by  Desa* 
guliers;  it  consists  of  two  elliptical  wheels  connected  either 
by  teeth  rutming  into,  each  other,  or  by  a  band;  these  wheels 
revolve  on  their  foci,  •  and  while  the  driving  ellipses  move 
unirprmly,  the  radius  vector  of  the  other  has  the  require^ 
mption. 

A  much  older,  and  at  the  s^me  time  far  better,  method  than 
that  of  Desaguliers,  is  described  in  the  first  volume  of  the 
Recueil  des  Machines  et  Inventions  approuv^es  par  I'Acad. 
Roy.  des  fjci.  1699:  it  was  the  invention  of  M.  Joli  de  Dijon. 
The  following  account  of  this  method  is  translated  from  the 
work  just  mentioned. 

If  it  be  desired  to  move  a  wheel  of  24  teeth  by  a  pinion  of 
6,  in  such  a  manner  that  in  some  parts  of  its  revolution  it  shall 
move  as  swiftly  as  if  it  had  but  twelve  teeth,  and  in  other  parts 
as  slowly  as  if  it  had  48  teeth,  the  method  of  accomplishing  this 
is  as  follows: 

1.  Describe  the  rects^ngle  lmno  (fig.  1.  pi.  XXIII^)  having 
its  side  ko  equal  to  the  radii  of  the  great  wheel  and  the  pinion 
taken  together,  and  its  breadth  ln  equal  to  their  thickness ; 
which  last  must  be  greater  the  more  considerable  the  inequality 
of  the  proposed  movement.  Let  nq  be  so  divided  in  q,  that 
QO  may  be  to  qn  as  6  to  48,  that  is  to  say,  reciprocally  as  the 
velocity  of  the  pinion  to  the  greatest  velocity  of  the  wheel.  Also 
divide  1m  in  p  in  the  proportion  of  6  to  J  2,  or  reciprocally  as 
the  velocity  of  the  pinion  to  the  least  velocity  of  the  wheel. 
Then  join  pg,  and  draw  as  many  lines  sk  parallel  to  lm,  as 
th^e  arc  intended  to  be  teeth  in  the  great  wheds;  upon  which 
write  the  degrees  of  velocity  they  express^  which  ar^  in  tbe 
inverse  ratio  of  their  lengths, 
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*  2.  Let  two  truncated  cones  be  formed  in  the  lathe;  one 
^qual  to  that  which  would  be  formed  by  the  revolution  of  the 
'trapezoid  lpqn  about  ln  as  an  axis ;  and  the  other  equal  to 
■what  would  be  formed  by  the  revolution  of  the  trapezoid  pqmo 
«i,bout  the  axis  mo.  On  the  largest  of  these  two  cones  let  the 
<^ircles  generated  by  the  revolution  of  the  points  p,  t,  q,  be 
xuarked  and  distinguished  by  the  same  uumeral  iiguies  as  the 
crorresponding  parallels  of  the  rectangle  lo.  Upon  the  two 
lipases  of  the  conic  frustum  describe  radial  lines,  which  shall 
xnake  angles  at  tl\e  centre  (fig.  3.)  in  the  same  proportion  to 
each  other  as  the  intended  velocities  of  the  wheel,  as  expressed 
in  Bg,  2.  and  let  teeth  be  cut  in  the  curve  surface  of  the  cone 
oorresponding  with  these  lines :  after  this,  look  on  the  circles 
tJiat  express  the  different  velocities,  and  have  been  traced  on  thei 
same  surface,  to  find  what  part  of  each  tenth  ought  to  remain 
opposite  its  corresponding  radius,  and  cut  or  file  the  rest  away. 
n  Qus  will  the  teeth  lie  in  an  oblique  or  elliptical  curve  on  the 
cronical  surface,  as  is  exhibited  in  the  figure  by  a  darker  shade. 
The  pinion  must  be  made  of  a  regular  conic  shape,  as  is  shewn 
at  MO  in  fig.  3. 

By  this  contrivance  the  largest  or  widest  teeth  will  always 
meet  the  largest  part  of  the  pinion,  and  the  narrowest  will  cor- 
mespond  with  the  smallest  part:  on  which  account,  though  the 
notion  of  the  pinion  be  uniform,  the  wheel  will  be  cacried 
^nequably,  according  to  the  assigned  law. 

In  a  similar  manner  may  planet- wheels  be  described  to  ex- 
liibit  any  other  proposed  variation. 

PRESS,  a  machine  of  wood,  or  iron,  serving  to  squeeze  any 
Ibody  very  close. 

Presses  usually  consist  of  six  pieces:  two  flat  smooth  planks^ 
between  which  the  things  to  be  pressed  are  laid ;  two  screws  or 
^wonns  fastened  to  the  lower  plank,  and  passing  through  two 
^oles  in  the  upper ;  and  two  nuts  in  form  of  an  s,  that  serve  to 
^rive  the  upper  plank,  which  is  moveable,  against  the  lower^ 
^Mfhich  is  fixed.     See  Bramah's  Machine, 

Presses  used  for  expressing  Liquors  are  in  most  respects 
3the  same  with  the  common  presses,  only  the  underplank  is  per« 
^orated  with  a  great  number  of  holes  for  the  juice  to  run 
^through.  Others  have  only  one  screw,  or  arbor,  passing 
Idirough  the  middle  of  the  moveable  plank,  which  descends  into 
a  kind  of  square  box  full  of  holes,  through  which  the  juices 
:A6w  as  the  arbor  is  turned. 

Press  used  hy  Joiners  to  keep  close  the  pannels,  &c.  of 
TT^'ainscot,  consists  of  two  screws,  and  two  pieces  of  wood^ 
^pijir  or  five  inches  square,  and  two  or  three  feet  long,  whereof 
"^e  holes  at  two  ends  serve  for  nuls  to  the  screws. 


SQS  MACHINES. 

Founders^  i^K  ess,  is  ^  strong  square  frame^  consisting  of  four 
pieces  of  \irood  firmly  joined  together  Wnh  tenons^  8cc.  It  is  of" 
various  sizes :  two  of  them  are  required  to  each  mould  at  tli€| 
two  extremes  whereof  they  are  placed ;  30  a^  that,  by  drivini^ 
wooden  wedges  between  the  mould  and  sides  of  the  press^  the 
two  parts  of  the  mould  for  thp  metal  may  be  pressed  close  io^ 
gether. 

•  Press^  binders*  cuttings,  is  a  machine  used  equally  by  book^ 
binders^  stationers^  and  pasteboard-makers;  consisting  of  two 
large  pieces  of  wood  in  form  of  cheeks^  connected  by  twq 
strong  wooden  screws;  which,  being  turned  by  an  irqn  bar| 
draw  together,  or  set  asunder,  the  cheeks^  as  much  as  is  ne^ 
cessary  for  the  putting  in  the  books  or  paper  to  be  cut.  The 
cheeks  are  placed  lengthwise  on  a  wooden  stand  in  form  qf  9 
chesty  into  which  ^e  cuttings  falL  Aside  of  the  cheeks  are  two 
pieces  of  wood  of  me  same  length  with  the  screws,  serving  to 
direct  the  cheeks,  and  prevent  their  opening  unequally,  ppoa 
ihe  cheeks  the  plough  moves,  to  which  the  cutting-knife  is  fast- 
ened by  a  screw;  which  has  its  key^  to  dismoi^nt  it^  on^occasion^p 
to  be  sharpened. 

The  plough  coqsists  of  several  parts;  among  the  rest,  ^ 
wooden  screw  or  worm,  which,  catching  within  the  nuts  of  thg 
two  feet  that  sustain  it  on  the  cheeks,  brings  the  knife  to  the 
f;K>ok  or  paper  wl^ich  is  fastened  in  the  press  between  two  boards. 
Tliis  screw,  which  is  pretty  long,  has  two  directories,  which 
resemble  those  of  the  screws  of  u^e  press.  To  make  the  plough 
slide  square  and  even  on  the  cheeks,  so  that  the  knife  may  make 
an  equal  paring,  that  foot  of  the  plough  where  the  knife  is  not 
fixed  slides  in  a  kind  of  groove,  fastened  along  one  of  th§ 
cheeks.  Lastly,  the  knife  is  a  piece  of  steel,  si$  or  seven  inches 
long,  flat,  thin,  and  sharp,  terminating  at  one  end  in  a  point, 
like  that  of  a  sword,  and  at  the  other  iq  a  square  form^  whicH 
Serves  to  fasten  it  to  the  plough. 

'  As  the  long  knives  used  by  us  in  the  cutting  of  books  or  papers 
are  apt  to  jump  in  the  cutting  thick  books/ the  Dutch  are  s^d 
to  use  circular  knives  with  an  edge  all  round;,  whicji  not  ^nl^ 
cut  more  steadily,  but  last  longer  without  grinding. 

Various  other  presses  are  used  in  different  arts  and  manufacr 
tures;  but  it  does  not  seem  necessary  to  give  partici^lar  descripr 
^ons  of  any  ptl^ers,  except  the  press  used  in  printuig  of  bookf^ 
and  the  rolling  press  use4  in  copper-plate  printing. 

The  common  PRiNTiNG-pre»5  represented  in  pi.  XXIII.  m 
U  curious  and  rather  complex  ipachine.  The  body  con§is|f  01 
two  strong  cheeks,  ^,  a, '  standing  perpendicularly,  aqd  joined 
tOjg;ether  by  four  cfoss  pieces;  the  cap  b'  and  the  hekd  C|  vvnic^  if 
moveable^  being  partly  sustained  by  twoijron  pins  of  Jong  screwr 


hclia  that  pas4  the  cap ;   the  till  or  shelf  dd,  by  which  the 
spindle  and  its  apparatus  are  kept  in  their  proper  position ;  and 
the  winter  e,  which  bears  the  carriage,  and  sustains  the  effort  of 
the  press  beneath.     The  spindle  f  is  an  upright  piece  of  iron 
pointed  with  steel,  having  a  male  screw,  which  goes  into  the  fe- 
male one  in  the  head  about  four  inches.     Through  the  eye  ^  of 
this  spindle  is  fastened  the  bar  k,  by  which  the  pressman  makes 
the  impression.   The  spindle  passes  through  a  hole  in  ttie  middle 
of  the  till;  and  its  point  works  into  a  brass  pan  or  nut,  supplied 
with  oil,  which  is  fixed  to  an  iron  plate  let  into  the  top  of  th^ 
platen*    The  body  of  the  spindle  is  sustained  in  the  centre  of 
an  open  frame  of  polished  iron,  1,  1,  2,  2,  3,  3,  fixed  to  it  in 
^uch  a  manner  as,  without  obstructing  its  free  play,  to  keep  it  in 
a  steady  direction  ;'ahd  at  the  same  time  to  serve  for  suspendii^ 
the  platen.     This  frame  consists  of  two  parts  i  the  upper  called 
the  garter,  1,1;  the  under  called  the  crtmB,  2,  2.     These  ar^ 
connected  together  by  two  short  legs  or  bolts,  3,  3 ;  which 
being  fixed  below  in  the  two  ends  of  the  crane,  pass  upward 
through  two  holes  in  the  till,  and  are  received  at  top  into  two 
eyes  at  the  ends  of  the  garter,  where  they  are  secured  by  screws. 
The  carriage  //  is  placed  a  foot  below  the  platen,  haying  its 
fore-part  supported  by  a  prop  called  the^or€-«/ay,  while  the  otb^r 
rests  on  the  winter.    On  this  carriage,  which  sustains  the  plank, 
are  nailed  two  long  iron  bars  or  ribs ;  and  on  the  plank  are 
nailed  short  pieces  of  iron  or  steel  called  cramp'irons,  equally 
tampered  with  the  ribs,  and  which  slide  upon  them  when  the 
plank  is  turned  iu  or  out.     Under  the  carriage  is  fixed  a  long 
pi^c^  of  iron  called  the  spit,  with  a  double  wheel  in  the  middle^ 
round  which  leather  girts  are  fastened,  nailed  to  e^ch  end  of  t^ 
plank :  and  to  the  outside  of  the  spit  is  fixed  a  rpunce  m,  or 
qandle,  to  turn  round  the  wheel.     Upon  the  plank  is  a  squsu*^ 
frame  or  coffin,  in  which  \s  inclosed  a  polished  stone  on  which 
the  form  n  is  laid ;  at  the  end  of  the  coffin  are  three  frames,  vi^. 
the  two  tympans  and  the  frisket :  the  tympans  o  are  square,  and 
ipade  of  three  slips  of  very  thin  wpod^  and  at  the  top  a  piece  of 
iinpn  still  thinner ;  that  called  the  outer  tympan  is  fastened!  witl| 
hinges  to  the  coffin:  they  are  both  covered  with  parchment; 
w^d  betweejT)  the  two  are  placed  blankets,  which  are  necessary 
to  take  off  the  impression  of  the  letters  upon  the  paper.    The 
Ijjisket  p  ia  a  sijuare  frame  of  thin  iron,  fast!ene4  with  hinges  to 
ti^e  tympaq:  it  is  covered  with  paper  cut  in  the  necessary 
j^^es,  tngt  the  sheet,  which  i$  put  between  the  frisket  and  ^e 
m^  or  outw^d  tympan,  may  receive  the  ink,  and  ths^t  notbiiM^ 
ifiHX  hurt  the  margins.     To  regi^ate  the  margins,  a  sheet  ctf 
p^jpner  M  fastened  upon  t^  tyoop^n,  which  is  ca|l^d  the  tjfn^n 
M^;  fad  pn  e^l]i  fi4e  is  ia^^m  irQQ  pointy  vhi^h  iQ^#0  twe 
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holes  in  the  sheet,  M^hich  is  to  be  placed  on  the  same  pointy 
M'hen  the  impression  is  to  be  made  on  the  other  side.  In  pre- 
paring the  press  for  working,  the  parchment  which  covers  the 
outer  tympan  is  wetted  till  it  is  ver}'  soft,  in  order  to  render  the 
impression  more  equable;  the  blankets  are  then  put  in^  and 
secured  from  slipping  by  the  inner  tympan :  then,  while  one 
pressman  is  beating  the  letter  with  the  balls  covered  with  ink 
taken  from  the  ink-block,  the  other  person  places  ^  sheet  of 
white  paper  on  the  tympan  sheet ;  turns  down  the  frisket  upon 
it,  to  keep  the  paper  clean  and  prevent  its  slipping ;  then,  bring- 
ing the  tympans  upon  the  form,  and  turning  the  rounce,  he 
brings  the  form  with  the  stone,  &c.  weighing  about  SOO  lbs* 
weight,  under  the  platen ;  pulls  with  the  bar,  by  which  means 
the  platen  presses  the  blankets  and  paper  close  upon  the  letter, 
whereby  hdf  the  foi|(^  is  printed ;  then  eashig  the  bar,  he  draws 
die  form  still  forward ;  gives  a  second  pull,  and  letting  go  the 
bar,  turns  back  the  form,  takes  up  the  tympans  and  frisket, 
takes  out  the  printed  sheet,  and  lays  on  a  fresh  one ;  and  this  is 
repeated  till  he  has  taken  off  the  impression  upon  the  full  num- 
l)er  of  sheets  the  edition  is  to  consist  of.  One  side  of  the  sheet 
being  thus  printed,  the  form  for  the  other  is  laid  upon  the  press^ 
and  worked  off  in  the  same  manner. 

For  a  minute  descriptioa  of  the  several  parts  of  a  common 
press,  of  the  various  iniplements  employed  in  printing,  and  of 
Lord  Stanhope's  improved  press,  the  reader  is  referred  to  Mr. 
Stower's  valuable  work  "  The  Printer's  Grammar." 
•  We  must  here  say  a  liltle  respecting  the  recent  improvements 
in  printing ;  though  we  regret  that  we  have  not  been  able  to 
obtain  any  other  than  a  very  general  account.  For  several 
weeks  the  "  Times''  newspaper  has  been  entirely  printed  by 
machinery;  that  is  to  say,  the  forms,  or  pages,  being  compoi>ed 
and  made  up,  in  the  usual  manner,  have  been  worked  off  by 
means  of  machinery,  moved  by  a  steam  engine,  instead  of  being 
printed  at  the  common  press.  The  paper,  since  this  change  ,ia 
the  mode  of  working,  has  not  only  been,  as  well  printed,  but 
much  better  than  before.  The  number  that  can  be  worked  ia 
one  hour  is  stated  at  J 100. 

It  is  somewhat  remarkable,  that  while  this  invention,  which 
has  taken  a  long  time  to  perfect  it,  has  been  iaprogress,  another, 
for  the  same  object,  was  also  carrying  on  by  Mr.  Bacon,  of 
Norwich,  and  Mr.  Donkin  (engineer)  of  Bermondsey,  which' 
was  set  to  work  within  a  day  after  the  former.  Mr.  Bacon  has 
published  a  prospectus  of  the  latter  machine,  to  which  is  added 
uie  following  notice : — "  Since  this  prospectus  was  printed,  the 
machine  has  been  set  to  work  on  a  French  Testament  in  this 
city^  for  the  British  and  Foreign  Bible  Society.    It  is  work^4 
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byx)ne  man  and  two  boys ;  and  we  may  venture  to  affirm^  that, 
in  the  ordinary  manner  in  which  the  London  newspapers  are 
printed,  many  more  copies  tlian  the  number  stated  by  the  Times 
could  be  taken  oiF  with  the  greatest  ease.  Dr.  Miluer,  the 
Master  of  Queen's  College,  Mr.  Wood,  President  of  ^t.  John's, 
and  Mr.  Kaye,  since  Master  of  Christ's,  as  a  deputation  from 
the  Syndics  of  the  Press  at  Cambridge,  have  also  inspected  the 
machine,  and  have  manifested,  by  their  readiness  to  contract 
with  the  Patentees  for  its  introduction  at  the  University,  all  the 
zeal  which  might  be  expectedv  in  that  body  for  the  cause  of 
literaturie  and  of  the  art. — These  are  the  earliest  patrons  of  the 
machine." 

As  we  cannot  convey  to  our  readers  a  full  description  of 
^ther  of  these  machines,  we  must  content  ourselves  with  brieAy 
stating  their  general  principles.  In  that  oSfke  TimeSj  the  forms 
are  laid  upon  a  travelling  carriage,  as  in  tfie  common  press^but 
baving  a  range  of  such  length  that  the  form,  by  passing  under  a 
system  of  rollers,  receives  a  charge  of  ink,  and  still  going  on^ 
receives  from  another  roller  the  sheet  pressed  down  upon  it,  by 
passing  under  the  roller :  when  through,  the  sheet  is  taken  off; 
the  form  receives  another  charge  of  ink  from  rollers,  and,  on  its 
return,  presents  another  sheet,  which  has,  in  the  interim,  been 
placed  on  the  paper  roller — and  so  alternately,  ingoing  and  re- 
turnifig,  a  sheet  is  printed. — In  Messrs.  Bacon  and  X)onkin's 
machine,  there  is  no  reciprocating  motion.  The  types  are 
placed  on  a  prism  of  as  many  sides  as  the  nature  of  the  form  re- 
quires. This  prism  occupies  the  centre  of  an  upright  frame, 
like  the  rollers  in  a  copperplate-press  :  below  this  is  a  kind  of 
compound-faced  roller,  suited  to  the  form  of  the  prism :  be- 
tween these,  the  sheets  to  be  printed  (attached  to  the  face  of  a 
piece  of  cloth)  are  passed  in  succession ;  and,  in  the  mean  tim^^ 
the  revolution  of  the  type-prism  brings  its  different  portions  in 
succession  under  a  system  of  inking-rollers  placed  over  it,  by 
which  it  receives  charges  of  ink,  to  be  delivered  to  the  sheets  as 
they  pass  in  succession  between  the  lower  rollers. 

The  press  of  the  Times  has  cost  the  proprietors  upwards  of 
eight  thousand  pounds — a  sum,  however,  \vhich  will  be  speedily 
refunded  by  the  savings  that  will  arise  from  the  invention,  as  it 
allows  the  discharge  of  pressmen  on  that  establishment  whose 
wages  amounted  to  25/.  a  week ;  and  the  number  of  composi.. 
tors  ^iil  be  also  much  reduced,  by  its  obviating  the  necessity 
for  a  duplicate  of  the  types  of  the  inner  form,  which  the  more 
respectable  daily  prints  have  of  late  years  found  necessary.  It 
^wi  first  stated  in  the  Times  that  the  apparatus  multiplied  copies 
at'the  rate  of  1100  per  hour:  it  will  produce  them  now  with 
much  greater  speed,  and  with  astonishing  clearness  and  beauty. 
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^e  itiVefltion  is  protected  b j  a  patent;  but  itse^  is  its  be^ 
protector.  The  apparatus  requires  a  great  space,  ahd  is  very 
cottiplicated ;  the  plan  of  the  old  Jjrintiog-press  is  scarcefy 
.  brought  to  inind  by  that  of  the  new  one:  the  carriage  and 
something  like  its  ribs  are  the  only  parts  that  have  any  likeness 
to  CieiktOn^s  or  Stanhope's  machinery.  The  ibk  is  commiiQi- 
CSlted  to  the  types  by  several  rollers,  under  which  the  form 
passes  in  its  progress  towards  a  cylinder  of  about  three  feet  di- 
ameter, on  which  the  sheets  of  paper  are  successively  laid  :  so 
that  Something  of  the  principle  of  the  copperplate-press  is  in 
tfai^  new  apparatus  extended  io  the  letter-press.  The  ink  is 
distributed  on  the  rollers  with  so  much  accuracy,  that  the  terms 
**  fhonkB"  aftd  ^^ friars^  will  in  a  few  years  be  unknown  m 
printing.  Sotoe  mcohveiiience  from  ''  picks^  remains  to  be 
prev^tited.  ConflKt  expectations  are  entertained  that  the 
apparatus  will  be  in  a  short  trme  so  simplified,  as  to  bring  the 
ei[pence  of  it  within  the  means  of  all  respectable  printer's. 

As  this  invention  has  raised  great  expectations,  we  insert  ex* 
ti'acts  from  a  letter  published  by  Mr.  Koenig  on  this  subject; 
it  shews,  also,  the  state  of  the  Continent,  and  suggests  one  cause 
of  British  superiority,  in  whatever  operations  depend  on  inge- 
nuity and  industry. 

"  The  firs]t  idea  relating  to  this  invention  occurred  to  me 
eleven  years  ago,  and  the  first  experiifnehts  were  made  spob 
iafter  iti  Saxony.  My  original  plan  was  confined  to  an  im- 
proved press,  in  which  the  operation  of  laying  the  ink  on  the 
types  vvas  to  be  performed  by  an  apparatus  connected  with  the 
motion  of  the  coffin,  hi  such  a  manner  that  one  hand  coula  be 
saved.  As  nothing  could  be  gained  in  expedition  by  this  plan, 
.  the  idea  soon  suggested  itself  to  move  this  press  by  machinery, 
or  to  reduce  the  several  operations  to  one  rotatory  motion,  to 
which  any  first  mover  might  be  applied.  Its  execution  was 
not  completed,  when  I  found  myself  under  the  necessity  of  seek- 
ing assistance  for  the  further  prosecution  of  it. 

"  There  is  on  the  Continent  no  sort  of  encouragement  for  ah 
eiUerprise  of  this  description.  The  system  of  Patents,  as^it 
exists  in  England,  being  either  unknown,  or  not  adopted  in  the 
continental  states,  there  is  no  inducement  for  individual  enters 
prise,  and  projectors  are  commonly  obliged  to  oflFer  their  disco- 
veries to  some  Government,  and  to  solicit  encouragement.  1 
need  hardly  add,  that  scarcely  ever  is  an  invention  brought  to 
maturity  under  such  circumstances.  The  well-known  fact, 
that  almost  every  invention  seeks,  as  it  were,  refuge  in  England, 
and  is  there  brought  to  perfection,  where  the  Government  does 
not  afford  any  other  protection  to  inventors  than  what  is  derived  ^ 
tJoin  the  wisdom  of  the  laws,  seems  to  indicate  that  thfe  C!onti<« 
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fffenf  has  yet  to  learn  from  her  the  best  manner  of  encouraging 
the  mechanical  arts.  1  had  mj  full  share  in  the  ordinary  dis- 
feippointments  of  conthiental  projectors ;  and^  after  having  lost 
in  Germany  and  Russia  upwards  of  two  year^  in  fruitless  ap- 
|>lic'ations,  I  arrived  about  eight  years  ago  in  England,  where  I 
Was  introduced  to  and  soon  joined  by  Mr.  Thomas  Bensley^  a 

E inter  so  well  known  to  the  literary  world,  that  the  mention  of 
s  name  is  sufficient*. 

'^  The  execution  of  the  plan  was  begun,  and  as  the  expeii^ 
tnents  became  very  expensive,  two  other  gentlemen^  Mr.GeoFge 
Woodfall,  and  Mr.  Richard  Taylor,  emineilt  printers  in  Lon« 
don,  joined  us. 

^  After  many  obstructions  and  delays,  the  first  printing  ma* 
ishine  was  completed  exactly  on  the  plan  which  I  have  described 
ih  8ie  sjpecification  of  my  first  patent,  dH^d  March  ii9,  1810* 
It  was  set  to  work  in  April  181 1.  The  iheet  (H)  of  the  new 
Annual  Register  for  1810,  "  Principal  Occurrences,'*  3000 
cibfnes,  '^ivas  printed  with  it,  and  is,  I  have  no  doubt,  the  first 
|iart  of  a  book  ever  printed  with  a  machine. 

'^  Thehctual  use  of  it,  however,  soon  suggested  new  ideas>  and 
M  to  the  rendering  it  less  complicated  and  more  powerful. 
Impressions  produced  by  means  of  cylinders,  which  had  like* 
^ise  been  already  attempted  by  others  without  the  desired 
G^ect,  were  again  tried  by  me  upon  a  new  plan,  namely,  td 
Mace  the  sheet  round  the  cylinder,  thereby  making  it,  as  it 
werie,  part  of  its  periphery.  After  some  promising  experi- 
ih^iitd,  the  plan  for  a  new  machine  on  this  principle  was  made, 
Md  a  manufactory  established  for  the  purpose.  Since  this  time 
I  iiave  had  the  benefit  of  my  fiiend  Mr.  Bauer's  assistance^ 
'IHrho,  by  the  judgment  and  precision  with  which  he  executed 
thy  plahi,  has  greatly  contributed  to  their  success.  The  new 
taiachine  was  completed  in  December,  1812,  after  great  diffi- 
culties attending  the  cylindrical  impriession.  Sheets  G  and  X 
bfClarkson's  Life  of  Penn,  vol.  1,  are  the  first  printed  with  an 
entirely  cylindrical  press.  The  papers  of  the  Protestant  Union 
%ere  also  printed  with  it  in  February  and  March,  1813.  Sheet 
M  of  Aiton*s  Hortus  Kewensis,  vol.  V.  will  shew  the  progress 
of  improvement  in  the  use  of  this  machine.  All  together  there 
are  about  160,000  sheets  now  in  die  hands  of  the  public,  printed 
widi  this  machine,  which  with  the  aid  of  two  hands,  takes  off 
800  in  the  hoar.  It  is  accurately  described  in  the  specifications 
of  my  two  {latehts,  dated  Oct.  30,  18ie,  and  July  23,  1813. 

'^  The  machines  mmv  printing  the  Times  and  Evening  Mail 
Tire  on  the  same  princij[>le  as  that  just  mentioned ;  but  they  have 
been  contrived  for  the  particular  purpose  of  a  newspaper  of  ex- 
tensive circidation,  where  expedition  is  the  great  object. 
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*'  The  first  introduction  of  the  invention  was  considered]  by 
some  as  a  difficult  and  even  hazardous  step.  The  proprietor  of 
die  Times  having  made  that  his  task,  the  public  are  aware  th;sit^ 
it  is  in  good  hands.  .  .  -^ 

"  Fr.  Koenig.'^ 
m  The  RoUifig*i?Vi^ss  used  in  cdpper-plate  printing  is  repre- 
sented in  fig.  3.  pi.  XV.  This  machine^  like  the  ^ommo» 
press^  may  be  divided  into  two  parts,  th^  body  and  carriage^ 
analogous  to  those  in  the  other. 

The  body  consists  of  two  cheeks  pp  of  different  dimensions, 
ordinarily  about  folir  feet  and  a  half  high,  a  foot  thick,  and  twa 
and  a  half  apart,  joined  at  top  and  bottom  by  cross  pieces.  The 
cheeks  are  placed  perpendicularly  on  a  w€>oden  stand  or  foot, 
LM,  horizontally  placed,  and  sustaining  the  whole  press.  Froni 
the  foot  likewise  ris^Lfour  other  perpendicular  pieces,  Cj  €,  e,  Ci 
joined  by  other  croiirbr  horizontal  ones  df,  d^  a,  which  may  be 
considered  as  the  carriage  of  the  press,  as  serving  to  sustain  a 
smooth,  even  plank,  hik,  about  four  feet  and  a  half  long^  two 
feet  and  a  half  broad,  and  an  inch  and  a  half  thick ;  upon  which 
the  engraven  plate  is  to  be  placed.  Into  the  cheeks  go  two 
wooden  cylinders  of  rollers  de,  fg,  about  six  inches  in  diaroe-^ 
ter,  borne  up  at  each  end  by  the  cheeks^^whose  ends,  which  are 
lessened  to  about  two  inches  diameter,  and  called  trunmans, 
turn  in  the  cheeks  between  two  pieces  of  wood,  in  form  of  haif-^ 
moons,  lined  with  polished  iron,  to  facilitate  the  motion.  The 
4ipace  in  the  half-moons,  left  vacant  by  the  trunnion,  is  filled 
with  paper,  pasteboard,  &c.  that  they  may  be  raised  and  lowered 
at  discretion ;  so  as  only  to  leave  the  space  between  them  neces* 
sary  for  the  passage  of  the  plank  charged  with  the  plate,  paper, 
and  blankets.  Lastly,  to  one  of  the  trunnions  of  the  upper 
roller  is  fastened  a  cross,  consisting  of  two  levers  ab,  or  pieces 
of  wood,  traversing  each  other.  The  arms  of  this  cross  serve  in 
lieu  of  the  handle  of  the  common  press ;  giving  a  motion  to  the 
upper  roller,  and  that  to  the  under  one ;  by  which  means  the 
plank  is  protruded,  or  passed  between  them. 

The  practice  of  printing  from  copper^plates  is  nearly  as  fol- 
lows. The  workmen  take  a  small  quantity  of  the  ink  on  a 
rubber  made  of  linen  rags,  strongly  bovind  about  each  other,  and 
with  this  smear  the  \s  hole  face  of  the  plate  as  it  lies  on  a  grate 
over  a  charcoal  fire.  The  plate  being  sufficiently  inked,  they 
first  wipe  it  over  with  a  foul  rag,  then  with  the  palm  of  their  left 
hand,  and  then  with  that  of  the  right ;  and  to  dry  the  hand  and 
forward  the  wiping,  they  rub  it  from  time  to  time  in  whiting. 
The  address  of  the  workman  consists  in  wiping  the  plate  per- 
fectly clean^  without  taking  the  ink  out  of  the  engraving.  .  'ITie 
plate  thus  prepared  is  laid  on  the  plank  of  the  press  \  over  the 
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plate  is  laid  the  paper,  first  well  moistened,  to  receive  the  im- 
pression ;  and  over  the  paper  two  or  three  folds  of  flanneL 
Things  being  thus  disposed,  the  arms  of  the  cross  are  pulled^ 
and  by  that  means  the  plate  with  its  furniture  is  passed  through 
betweeu  the  rollers,  \>hich  pinching  very  strongly,  yet  equally, 
presses  the  moistened  paper  into  the  strokes  of  the  engraving^ 
whence  it  takes  out  the  ink,  and  receives  the  required  impres- 
sion. 

PRESSURE  ENGINES  for  raising  water  by  the  pressure  and 
descent  of  a  column  inclosed  in  a  pipe,  have  been  lately  erected' 
in  different  parts  of  this  country.  The  principle  now  adverted 
to  was  adopted  in  some  machinery  executed  in  France  about 
1731  (see  Belidbr  de  Arch.  Hydraul.  lib.  iv.  ch.  1.),  and  was 
likewise  adopted  in  Cornwall  about  fifty  years  ago*  But  the 
pressure  engine  of  which  we  are  about  to  give  a  particular  de- 
scription is  the  invention  of  Mr.  R.  Trevithack,  who  probably 
^as^not  aware  that  any  thing  at  all  similar  had  been  attempted 
t)efore.  This  engine,  a  section  of  which,  on  a  sc^le  of  a  quarter 
of  an  inch  to  a  foot,  is  shewn  in  pi.  XXIII.  was  erected  about 
8i;c  years  ago  at  the  Druid  Copper  Mine,  in  the  parish  of  Illo- 
gan,  near  Truro,  ab  represents  a  pipe  six  inches  in  diameter, 
through  which  m  ater  descends  from  the  head  to  the  place  of  its 
delivery  to  run  off  by  an  adit  at  s,  through  a  fall  of  34«  fathoms 
in  the  whole ;  that  is  to  say,  in  a  close  pipe  down  the  slope  of 
a  faili  200  fathoms  long,  with  26  fathoms  fall;  then  perpen- 
dicularly six  fathoms,  till  it  arrives  at  B,  and  thence  through  the 
engine  from  b  to  s  two  fathoms.  At  the  turn  b  the  water 
enters  into  a  chamber  c,  the  lower  part  of  which  terminates  in 
two  brass  cylinders  four  inches  in  diameter ;  in  which  two  plugs 
or  pistons  of  lead,  d  and  e,  are  capable  of  moving  up  and  down 
by  their  piston  rods,  which  pass  through  a  close  packing  above, 
and  are  attached  to  the  extremities  of  a  chain  leading  over  and 
properly  attached  to  the  wheel  q,  so  that  it  cannot  slip. 

The  leaden  pieces  d  and  e  are  cast  in  their  places,  and  have 
no  packing  whatever.  They  move  very  easily ;  and  if  at  any 
time  they  should  become  loose,  they  may  be  spread  out  by  a 
few  blows  with  a  proper  instrument,  without  taking  them  out  of 
their,  place.  On  the  sides  of  the  two  brass  cylinders,  in  which 
D  and  E  move,  there  are  square  holes  conimunic?iting  towards 
p  and  o,  which  is  an  horizontal  trunk  or  square  pipe,  four  inches 
wide  and  three  inches  deep.  All  the  otlier  pipes  g,  g,  and  r, 
are  six  inches  in  diameter,  except  the  principal  cylinder  wherein 
the  piston  h  moves;  and  this  cylinder  is  ten  inches  in  diameter, 
and  admits  a  nine-feet  stroke,  though  it  is  here  delineated  as  if 
the  stroke  were  only  three  feet. 

The  piston-rod  wopks  through  a  stuffnig-box  above,  and  is 
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attached  to  mn,  which  is  the  pit-rod,  or  a  perpendicular  piece 
divided  into  two,  so  as  to  allow  its  alternate  motion  up  and 
down  and  leave  a  space  between,  without  touching  the  fixed 
apparatus,  or  great  cylinder.  The  pit-rod  is  prolonged  down 
into  the  inine,  where  it  is  employed  to  work  the  pomps,  or  if 
4Hie  engine  were  applied  to  mill- work,  or  any  other  use,  this  rod 
would  form  the  communication  of  the  first  mover. 

KL  is  a  tumbler  or  tumbling-foob,  capable  of  being  moved  on 
the  gudgeons  v,  from  its  present  position  to  another,  m  which 
the  weight  l  shall  hang  over  with  the  same  inclination  on  the 
opposite  side  of  the  perpendicular,  and  consequently  the  end  K 
will  then  be  as  much  elevated  as  it  is  now  depressed. 

The  pipe  rs  has  itd  lower  end  immersed  in  a  cbtem,  by  which 
means  it  delivers  its  water  without  the  possibility  of  the  exterlial 
air  introducing  itself;  so  that  it  constitutes  a  torricellian  column 
or  water  barometer,  and  renders  the  whole  column  from  A  to  S 
effectual :  as  we  shall  see  in  our  view  of  the  operation. 

The  operation.  Let  us  suppose  the  lower  bar  kv  of  the 
tumbler  to  be  horizontal,  and  the  rod  po  so  situated>  as  fhat  the 
plugs  or  leaden  pistons  d  and  e  shall  lie  opposite  to  eacn  other, 
and  stop  the  water-ways  6  and  f.  In  this  state  of  the  engine, 
though  each  of  these  pistons  is  pressed  by  a  force  equivalent  to 
more  th^n  a.thousand  pounds,  they  will  remain  motionless,  be- 
cause these  actions  being  contrary  to  each  other,  they  are  con- 
stantly in  equilibrio.  The  great  piston  h  being  here  shewn  as 
^  at  the  bottom  of  its  cylinder,  the  tumbler  is  to  be  thrown  by  hand 
into  the  position  here  delineated.  Its  action  upon  op,  and  con- 
sequently upon  the  wheel  q,  draws  up  the  plug  d,  and  depresses^ 
£,  so  that  the  water-way  g  becomes  open  from  ab,  and  that  of 
F  to  the  pipe  R  :  the  water  consequently  descends  from  A  to  c  ;^ 
thence  to  ggg,  until  it  acts  beneath  the  piston  h.  This  pres- 
sure raises  the  piston,  and  if  there  be  any  water  above  the  pis* 
ton,  it  causes  it  to  rise  and  pass  through  f  into  R.  During  the 
rise  of  the  piston  (which  carries  the  pit-rod  mn  alon^  with  it),  a 
sliding  block  of  wood  i,  fixed  to  this  rod,  is  brought  into  contact 
with  the  tail  k  of  the  tumbler,  and  raises  it  to  the  horizontal  po- 
sition, beyond  which  it  oversets  by  the  acquired  motion  of  the 
weight  L. 

The  mere  rise  of  the  piston,  if  there  were  no  additional  mo- 
tion in  the  tumbler,  would  only  bring  the  two  plugs  jd  and  £  to 
the  position  of  rest,  namely  to  close  G  and  f,  and  then  the  en- 
gine would  stop ;  but  the  fall  of  the  tumbler  tarries  the  plug  D 
downwards  quite  clear  of  the  hole  f,  and  the  other  plug  b  up- 
wards, quite  clear  of  the  hole  g.  These  motions  require  no 
consumption  of  power,  because  the  plugs  are  in  equilibrio^  ap 
was  just  observed. 
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In  this  new  situation  the  column  ab  no  longer  communicates 
with  G^  but  acts  through  f  upon  the  upper  part  of  the  piston  h^ 
and  depresses  it ;  M'hiTe  the  contents  of  the  great  cylinder  be- 
neath that  piston  are  driven  out  through  gog,  and  pass  through 
the  opening  at  e  into  r.  It  may  be  observed^  that  the  colump 
ivhich  acts  against  the  piston  is  as:iisted  by  the  pressure  of  tine 
atmosphere,  rendered  active  by  the  column  of  water  hanging  ia 
By  to  which  that  assisting  pressure  is  equivalent,  as  has  already 
been  noticed. 

When  the  piston  has  descended  through  a  certain  length,  the 
slidb  or  block  at  T,  upon  the  pit-rod,  applies  against  the  tail  JC 
of  the  tumbler,  which  it  depresses,  and  again  oversets ;  producing 
bnce  more  the  position  of  the  plugs  de,  here  delineated,  and 
the  consequent  ascent  of  the  great  piston  h,  as  before  described. 
The  ascent  produces  its  former  effect  on  the  tumbler  and  plugs; 
and  ia  this  manner  it  is  evident  that  the  alternations  will  go  on 
mthout  limit :  or  until  the  manager  shall  think  fit  to  place  the 
tumbler  and  plugs  de  in  the  positions  of  rest;  namely,  so  as  to 
stop  the  passages  f  and  g. 

The  length  of  the  stroke  may  be  varied  by  altering  the  pgsi« 
tions  of  the  pieces  t  and  i,  which  will  shorten  the  stroke  the 
nearer  they  are  together ;  as  in  that  case  they  will  sooner  alter- 
nate upon  the  tail  k. 

As  the  sudden  stoppage  of  the  descent  of  the  column  ab,  at 
die  instant  when  the  two  plugs  were  both  ia  the  water-way, 
ought  jar  and  shake  the  apparatus,  those  plugs  are  made  half 
an  inch  shorter  than  the  depth  of  the  side  holes ;  so  that  in  that 
case  the  water  can  escape  directly  through  both  the  small  cylin- 
ders to  B.  This  gives  a  moment  of  time  for  the  generation  of 
the  contrary  motion  "in  the  piston  and  the  water  in  ggg,  and 
greatly  deadens  the  concussion  which  might  else  be  produced. 

Some  former  attempts  to  make  pressure  engines  upon  the 
principle  of  the  steam-engine  have  failed ;  because  water,  not 
being  elastic,  could  not  be  made  to  carry  the  piston  onwaidB  a 
little,  so  as  completely  to  shut  one  set  of  valves  and  open  an* 
odier.  In  the  present  judicious  construction,  the  tumbler  per- 
forms the  office  of  the  expansive  force  of  steam  at  the  end  of 
the  stroke. 

Mr.  Boswell  suggests,  as  a  considerable  improvement,  that 
the  action  of  this  engine  should  be  made  elastic  by  the  additioq 
of  an  air-chamber,  on  the  same  principle  as  that  used  in  fire- 
engines  ;  this,  he  thinks,  might  be  best  effected  by  making  the 
piston  hollow,  with  a  small  orifice  in  the  bottom,  and  of  a  larger 
size,  to  serve  for  this  purpose,  as  the  spring  of  the  air  would 
then  act  both  on  the  upward  and  downward  pressure  of  the 
water.    (JVicA.  Jotfr.  ^.  S.  vols.  i.  ii.) 
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PULLEY,  one  of  the  simple  machines,  or  as  they  are  com- 
monly called,  mechanical  powers;  its  theory  is  laid  down  in  artsr* 
148—151,  267,  &c.  of  our  first  volume.  The  present  article 
18  introduced  for  the  purpose  of  mentioniug  some  ingenious 
practical  combinations  of  pcrlleys,  in  addition  tcr  those  exhibited 
m  pi.  VI.  vol.  i. 

The  usual  methods  of  arranging  pulleys  m*  their  blockfl  may 
be  reduced  to  two.  The  first  consists  in  placing  them  one  by' 
the  side  of  another  upon  the  same  pin :  Uie  other,  in  placing^ 
them  direcdy  under  one  another  upon  separate  pins.  Each  of 
Aese  methods  however  is  liable  to  inconvenience;  and  Mr. 
Smeaton,  to  avoid  the  impediments  to  which  these  combinations 
are  subject,  proposes  to  combine  these  two  methods  in  one. 

A  very  considerable  improvement  in  the  constniction  of 
|>ulleys  has  been  made  by  Mr.  James  White,  who  obtained  a 
patent  for  his  invention,  of  which  he  gives  the  following  de* 
^cription.  Fig.  6.  pi.  XIX.  shews  the  machine,  consistidg  of 
two  pulleys,  q  and  r,  one  fixed  and^the  other  moveable.  Each 
of  these  has  six  concentric  grooves  capable  of  having  a  line  piit 
round  them,  and  thus  acting  like  as  many  different  pulleys, 
having  diameters  equal  to  those  of  the  grooves.  Supposing 
then  each  of  the  grooves  to  be  a  distinct  pulley,  and  that  all 
their  diameters  were  equal,  it  is  evident  that  if  the  vi^eight  144 
were  to  be  raised  by  pulling  at  s  till  the  pulleys  touch  each 
other,  the  first  pulley  must  receive  the  length  of  line  as  many 
times  as  there  are  parts  of  the  line  hanging  between  it  and  the 
lower  pulley.  In  the  present  case  there  are  12  lines  i,  fi?,y)&c. 
hanging  between  the  two  pulleys,  formed  by  its  revolution  about 
the  six  upper  and  lower  grooves.  Hence,  as  much  line  must 
pass  over  the  uppermost  pulley  as  is  equal  to  twelve  times  the 
distance  of  the  two.  But,  from  an  inspection  of  the  figure,  it  is 
plain  that  the  second  pulley  cannot  receive  the  full  quantity  of 
line  by  as  nmch  as  is  equal  to  the  distance  betwixt  it  and  the 
first.  In  hke  manner,  the  third  pulley  receives  less  than  the 
first  by  as  much  as  is  the  distance  between  the  first  and  third ; 
and  so  on  to  the  last,  which  receives  only  one-twelfth  of  the 
whole.  For  this  receives  its  share  of  line  n  from  a  fixed  point 
in  the  upper  frame,  which  gives  it  nothing;  while  all  the  others 
in  the  same  frame  receive  the  line  partly  by  turning  to  meet  it, 
and  partly  by  the  line  coming  to  meet  them. 

Supposing  now  these  pulleys  to  be  equal  in  size,  and  to  move 
freely  as  the  line  determines  them,  it  appears  evident,  from  the 
nature  of  the  system,  that  the  number  of  their  revolutions,  and 
consequently  their  velocities,  must  be  in  proportion  to  the  num-^ 
ber  of  suspending  parts  that  are  between  the  fixed  point  aboi'e 
mentioned,  and  each  pulley  respectively.    Thus  the  outermost 
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pulley  would  go  twelve  times  round  in  the  >time  that  the  pulley 
under  which  the  part  n  of  the  line^  if  equal  to  it,  would  revqlve 
only  once ;  and  the  intermediate  times  and  velocities  would  be 
a  iseries  of  arithmetical  proportionals,  of  which,  if  the  £rst  num- 
ber were  1,  the  last  would  always  be  equal  to  the  ^hole  number 
of  terms.  Since  then  the  revolutions  of  equal  and  distinct 
pulleys  are  measured  by  their  velocities,  and  that  it  is  possible 
to  find  any  proportion  of  velocity  on  a  single  body  running  ob 
a  centre,  viz.  by  finding  proportionate  distances  from  that 
centre ;  it  follows,  that  if  ^e  diameters  of  certain  grooves  in 
the  same  substance  Jbe  exactly  adapted  to  the  above  series  (the 
line  itself  being  supposed  inelastic,  and  of  no  magnitude),  the 
necessity  of  using  several  pulleys  in  each  frame  will  be  obviated, 
and  with  that  some  of  the  inconveniences  to  which  the  use  of 
Ihe  pulley  is  liable. 

Ih  4he  figure  referred  to,  the  coils  of  rope  by  which  the  ; 
weight  is  supported  are  represented  by  the  fines  a,,  ft,  c,  &f > : 
'a  is  the  line  of  traction,  commonly  called  the  fall,  which  passes 
over  and  under  the  proper  grooves,  until  it  is  fastened  to  the 
upper  frame  just  above  «.  In  practice,  however,  the  grooves 
are  not  arithmetical  proportionals,  nor  can  they  be  so ;  for  the 
diameter  of  the  rope  employed  must  in  all  cases  be  deducted 
from  each  term ;  without  which  the  smaller  grooves,  to  which 
'tiie  said  diameter  bears  a  larger  proportion  than  to  the  larger 
'ones,  will  tend  to  rise  and  fall  faster  than  they,  and  thus  intro- 
xiuce  worse  defects  than  those  which  they  wer^  intendeid  to 
"obviate. 

The  principal  advantage  of  this  kind  of  pulley  is,  that  it  de- 
stroys lateral  friction,  and  that  kind  of  shaking  motion  which  is 
ISO  inconvetiient  in  the  common  pulley.  And  lest  (says  Mr, 
White)  this  circumstance  should  give  the  idea  of  weakness,  I 
would  observe,  that  to  have  pins  for  the  pulleys  to  run  .on  is 
not  the  only  nor  perhaps  the  best  method ;  but  that  I  sometimes 
use  centres  fixed  to  the  pulleys,  and  revolving  on  a  very  short 
bearing  in  the  side  of  the  frame,  by  which  strength  is  increased, 

•  ^nd  friction  very  much  diminished ;  for  to  the  last  moment  the 
'  motion  of  the  pulley  is  perfectly  circular :  and  this  very  circum- 
\  stance  is  the  cause  of  its  not  wearing  out  in  the  centre  as  soon 

as  it  would,  assisted  by  the  ever-increasing  irregularities  of  a 

•  gullied  bearing.     These  pulleys,  when  well  executed,  apply  to 
jacks  and  other  machines  of  that  nature  with  peculiar  advap- 

.  tage,  both  as  to  the  time  of  going  and  their  own  durability ;  and 

•  it  is  possible  to  produce  a  system  of  pulleys  of  this  kind  of  six  pr 
'eight  parts  only,  and  adapted  to  the  pocket,  which,  by  means 

of  a  skain  of  sewing  silk,  or  a  clue  of  common  thr^,  will  raise 
upwards  of  a  hundred  weight. 
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The  fricdoh  of  the  pulley  is  noni^  redaced  to  almpat  nothitig 
by  Mr.  Ganietf s  ingenious  patent  frictioinrollers,  whioh  pro- 
duce a  great  saving  of  labour  and  expence,  as  we^  as  in  fiio 
^wear  of  the  nuGhine^  both  when  applied  to  pulleys  and  to  the 
axles  of  wheWcarriages.  His  general  principle  is  this ;  betweeii 
Ifae  Me  and  nave,  or  centre  pin  and  box,  a  hollow  spacfs  i9  lefty 
to  be  filled  up  by  solid  equal  rollers  nearly  toi^ching  each  othe|r« 
Tlese  are  furnished  with  axles  inserted  into  a  circular  rit^  at 
each  end,  by  which  their  relative  dbtances  are  preserved';  an4 
they  are  kept  parallel  by  means  of  wires  faistened  jto  the  ring^ 
between  the  rollers,  and  which  are  rivetted  to  them. 

PUMP,  a  hydraulip  machinp  for  raising  water  by  the  piressoi^ 
of  the  "atmosphere.  *  -  ' 

The  most  important  and  certain  part  of  the  theory  of  ^ump* 
has  been  laid  down  in  arts.  524 — 538,  o(  piir  fip^t  vbliune :  m^ 
the  constiuction  of  two  or  three  kinds  has  been  already  <^ 
ecribed  in  this  volume  under  the  articles  c£Ntrifuga|U  machme, 
FIRE  engine,  forcer,  and  hydraulic  engines*  A  few  odie^ 
useful,  yet  not  complex,  pumps>  will  be  defcribed  in  the  presepl: 
article :  and  soine  account  will  be  added  of  the  most  ii^eniodf 
pistons  and  valves, 

1 .  A  moditication  of  the  sucking-pump  which  has  been  qnuclf 
recommended,  is  exhibited  in  plate  XXV.  fig.  17.  tiere  the 
suction-pipe  oo  conies  up  through  a  cistern  kmkl  deeper  or 
longer  thdn  the  intended  stroke  of  the  piston,  anci  has  a  valve 
€  at  top.  The  piston,  or  what  acts  in  lieu  of  it,  is  a  tubi$ 
Ahgb,  open  at  both  ends,  and  of  a  diameter  spmo^hat  larger 
than  that  of  the  suction-pipe.  The  interval  between  them  is 
^led  up  at  HG  by  a  ring  or  belt  of  soft  leather,  which  is  fast*^ 
%ned  to  the  outer  tube,  and  moves  up  and  down  with  it,  sliding 
along  the  smoothly  polished  surface  of  the  suction-pipe  vnA 
Very  little  friction.  There  is  a  valve  i  on  the  top  of  this  piston, 
opeping  upwards.     Water  is  poured  into  the  outer  cistern. 

llie  outer  cylinder  or  piston  bemg  drawn  up  from  the  bot* 
Com,  Uiere  is  a  great  rardfaction  of  the  air  which  was  between 
^em,  and  the  atmosphere  presses  the  water  up  through  the 
Mtc^on-pipe  to  a  certain  height;  for  the  valve  i  keeps  shut  by 
the  pressure  of  die  atmosphere  land  its  own- weight.  Puwii^ 
down  the  pistoifi  causes  toe  air,  which  had  expanded  from  di0 
4iuction-pipe  into  the  piston,  to  escape  tiurougb'  the  valve  i : 
^irawiiig  it  .up"  a  second  time  allows  the  atmosphere  to  pres^ 
imore  water  int<]i  the  suction-pipe^  to'fill  it,  and  also  part  <tf  die 
|>iston;  When  this  is  pushed  down  again,  the  water  which  had 
<:x)me  through  the  vilve  c  is  now  forced  out  thi:ouffb  the  vilvc 
i  into  tHe  cisfem  ksCnl^  and  now  the  whole  is  fim  of  walM. 
\¥hen,  therefore,  the  piston  is  drawn  up,  the  water  fottowi»  aipd 
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SBiMjft,  if  not  SS  fiset  above  the  water  in  the  cistern ;  and  when 
it  is  pndied  down  i^^^  the  water  which  filled  the  piston  is  all 
tfarowQ  out  into  the  cistern ;  and  after  this  it  delivers  its  full 
contents  of  water  every  stroke.  The  water  iq  the  cistern 
KMNii  effectually  prevents  die  entrance  of  an^  air  between  the 
two  pipes  ^  so  that  a  very  moderate  compression  of  the  belt  of 
90ft  leather  at  the  n^>uth  of  the  piston  cylinder  is  sufficient  to 
inake  all  perfectly  tight 

It  might  be  made  differently.  The  ring  of  leather  might  be 
futenad  round  the  top  of  the  inner  cylinder  at  de,  and  sUde  on 
the  inside  of  the  piston  cylinder :  but  the  first  form  is  most 
easily  executed.  Muschenbroeck  has  given  a  figure  of  diis 
pump  in  his  large  system  of  natural  philosophy,  and  speaks 
very  faulty  of  its  performance.  But  we  do  not  see  any  advan-. 
tage  which  it  possesses  over  the  common  sucking-pump.  He 
inoeed  says  that  it  is  without  friction,  and  makes  no  mention  of 
the  fin^  oi  leather  between  the  two  cylinders.  Such  a  pump 
will  raise  wnter  extremely  well  to  a  small  height,  and  it  seems 
%o  hav^e  been  a  model  only  which  he  had  examined ;  but  if  the 
saction-pipe  be  long,  it  wUl  by  00  means  do  withotit  the  leathery 
for  on  (hrawing  up  die  piston,  the  water  of  the  upper  cistern  wiu 
fise  hstween  die  pipes,  and  fill  the  piston,  and  none  will  come 
|iip  through  the  suction-pipe. 

We  may  take  this  opportunity  of  observing,  that  the  many 
iiq;eDious  icontriv^ces  of  pumps  without  friction  are  of  litd» 
iQiportance  in  great  wprks ;  because  the  friction  which  is  com- 
pletely sufficient  to  prevent  all  escape  of  water  in  a  well-con- 
structed pump  is  but  a  very  trifling  part  of  the  whole  force.  In 
the  great  pumps  which  are  used  in  mines,  and  are  worked  by  a 
steam-engine,  it  is  very  usual  to  make  the  pistons  and  valves 
withoipt  any  leather  whatever.  The  working  barrel  is  bored 
truly  cylindrical,  and  the  piston  is  made  of  metal  of  a  size  that 
^lU  jipst  pass  along  it  without  sticking.  When  this  is  drawn 
yip  With  the  velocity  competent  to  a  properly  loaded  machine, 
tpe  qi^tity  of  water  which  escapes  round  the  piston  is  insisni-^ 
iUtet*  The  piston  is  made  without  leathers,  not  to  avoid  n-ic- 
tioD,  which  is  also  insigni^cant  in  such  works ;  but  to  avoid  the 
peOfMsity  of  frequently  drawing  it  up  for  repairs  through  such  9 
length  of  pipiss. 

2.  If  a  pump  absolutely  vridioiit  friction  be  wanted,  die  foli- 
)owing  seems  preferable  for  simplicity  and  performance  to  any 
we  have  seen,  when  made  use  of  in  proper  situations.  Let  mo 
\fg.  18.)  be  the  surface  of  the  water  in  the  pit,  and  K  the  place 
5>rdelivery.  The  pit  mi|st  be  as  deep  in  water  as  firom  k  to 
mp.  ABCD  is  a  wooden  trunk^  round  or  square,  open  at 
Jig/lk  61^1  f|ii4  having  a  valve  ?  ait  tbe  bottpm.    Tl^e  top  of 
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this  trunk  must  be  on  ^  level  with  k,  and  has  a  sipall  ciftem 
EADF.  It  also  communicates  laterally  with  a  rising  pipe 
GHK,  furnished  with  a  valve  at  h  ppening  upwards,  lm  is 
a  beani  of  timber  so  fitted  to  the  trunk  as  to  fill  it  without 
jsticking,  and  is  of  at  least  equal  length.  It  hangs  by  a  chain 
from  ^  working  beam,  and  is  loaded  op  the  top  with  weights 
exceeding  that  of  the  column  of  water  which  it  displaces. 
Now  suppose  this  beam  allowed  to  descend  from  the  position  in 
which  it  i^  drawn  in  the  figure ;  the  water  must  rise  all  arqund 
it^  in  the  crevice  which  is  between  it  and  the  trunk,  and  also 
IP. the  risipg  pipe;  because  the  valve  p  shuts,  and  h  opens  ;  so 
that  when  the  plunger  has  got  to  the  bottom,  the  water  will 
^tand  at  the  level  of  k.  )Vhen  the  plunger  is  again  drawn  up 
to  the  top  by  the  action .  of  the  moving  po^ver,  the  water  sinks 
-[^gain  in  the  trunk,  but  not  in  the  rjsing  pipe,  because  it  i^ 
l^to(!>ped  by  the  yalve  ij.  Then  allowing  the  plunger  to  descend 
9gain,  the  water  must  again  rise  in  the  trunk  to  the  level  of  k, 
and  it  must  now  flow  out  at  k  ;  and  the  quantity  discharged 
."yvill  be  equal  to  the  part  of  the  beam  below  the  surface  of  the 
pU- water,  deducting  the  quantity  which  fills  the  small  space 
between  the  beam  and  the  trunk.  This  quantity 'may  be  re- 
,fiuced  almost  to  nothing,  for  if  the  inside  of  the  truqk  and  the 
outside  of  the  beam  be  made  tap^ring^,  the  beam  ipay'be  let 
down  till  they  exactly  fit ;  and  as  this  may  be  done  in  square 
work,  a  good  workman  can  make  it  exceedingly  accurate.  But 
in  this  case,  the  lower  half  of  the  beam  and  trunk  must  not 
taper ;  and  this  part  of  the  trunk  must  be  of  sufficient  width 
^ound  the  beam  to  allow  free  passage  into  the  rising  pipe.  Or, 
which  is  better,  the  rising  pipe  must  branch  off  from  the  bottom 
of  the  trunk.  A  discharge  may  be  made  from  the  cistern  ea of^ 
go  that  as  little  water  as  possible  may  descend  along  the  trunk 
when  the  piston  is  raised. 

One  great  excellence  of  this  pump  is,  that  it  is  perfectly  free 
from  all  the  deficiencies  which  in  common  pun^ps  result  from 
want  of  being  air-tight.  Another  is,  that  the  quantity  of  water 
raised  is  precisely  equal  to  the  power  expended;  for  any 
want  of  accuracy  in  the  work,  while  it  occasions  a '  diminution 
of  the  quantity  of  v\ater  discharged,  makes  an  equal  diminution 
in  the  weight  which  is  absolutely  necessary  for  pushing  down  the 
plunger.  We  have  seen  a  machine  consisting  of  two  such  pumps 
suspended  from  the  arms  of  a  long  beam,  the  upper  side  of  which 
was  formed  into  a  walk  with  a  rail  on  each  side.  A  man  stood  on 
one  end  till  it  got  to  tlie  bottom,  and  then  walked  gently  up  tQ 
the  other  end,  the  inclination  being  about  twenty-five  degrees 
at  first,  but  gradually  diminished  as  he  went  along,  and  changed 
th^  load  pf  the  beam.     By  these  means  he  made  the  otter  end 
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go  to  the.  bottom^  and  so  on  aheraately,  with  the  easipi^  of  all 
^exertions,  and  what  we  are  most  fitted,  for  by  our  structure. 
With  this  machine,  a  very  feeble  q14  man,  weighing  110 
'pouji()s,  raised  7  cubic  feet  of  wetter  1  Ij  feet  high  in  a  iijinute, 
and  continued  working  8  or  1 0  hour9  every  day..  A  stout  yoiing 
^po^an,  weighing  nearly  135  pounds,  raised  8|-  to  the  same 
li<gight;  and  when  he  carried  30  pounds,  conveniently  slung 
about  him,  he  raised  9|-  feet  to  that  height,  working  10  hours 
,a^ay  without  fatiguing  himself.  This  exceeds  Desagiiliers's 
maximum  of  a  hogshead  of  water  10  feet  high  in  a  n^iiiute,  in 
rfie'  proportion  of  9  to  7  nearly.  It  is  limited  to  very  moderate 
lieights  ;  but  in  such  situations  it  is  very  effectual.  Belidor  ap- 
plies a  nearly  similar  contrivance  to  the  working  of  double 
pi»mp$  in  general. 

.  3.  The  most  ingenious  contrivance  of  a  pump  without 
friction  is  that  of  Mr.  Uaskins,  described  in  Phil.  Trans.  No, 
370,  and  called  by  him  the  Quicksilver  Pumi*.  Its  con- 
struction and  mode  of  operation  are  complicated ;  but  the  fot 
lowing  prelimipary  observations  will,  w«  hope,  render  them 
libunqantly  pl^in. 

Let  there  ^fig.  19)  be  a  cylindrical  iron  pipe,  about  six  feet 
Jong,  open  at  top ;  also  another  cylinder,  connected  with  it  at 
bottom,  and  of  smaller  diameter.  It  may  either  be  solid,  or,  if 
hollow,  it  must  be  close  at  top.  Let  a  third  iron  cylinder,  of  an 
intermediate  diameter,  be  made  to  move  up  and  down  between 
the. other  two  without  touching  either,  but  with  as  little  interval 
as  possible.  This  middle  cylinder  communicates,  by  means  of 
the  pipe  ab,  with  the  upright  pipe  fe,  having  valves  c  and  d 
j[both  opening  upwards)  adjoining  to  the  pipe  of  communication. 
Suppose  the  outer  cylinder  suspended  by  chains  from  the  end  of 
a  working  beam,  and  let  mercury  be  poured  into  the  interval 
between  the  three  cylinders  till  it  fills  the  space  to  about  three- 
fourths  of  their  height.  Also  suppose  that  the  lower  eod  of  the 
pipe  F£  is  immersed  into  a  cistern  of  water,  and  that  the  valve 
D  is  less  than  33  feet  above  the  surface  of  this  water. 

Now  suppose  a  perforation  made  somewhere  in  the  pipe  ab, 
and  a  communication  made  with  an  air-pump.  When  the 
aiirpump  is  worked,  the  air  contained  in  ce,  in  a  b,  and  in 
Ae  space  between  the  inner  and  middle  cylinders,  is  rarefied, 
and  is  abstracted  by  the  air-pump ;  for  the  valve  d  imme- 
cUately  shuts.  ,The  pressure  of  the  atmosphere  will  cause  the 
water  to  rise  in  the  pipe  ce,  and  will  cause  the  mercury  Xq  rise 
between  the  inner  and  middle  cylinders,  and  sink  between  the 
outer  and  middle  cylinders.  Let  us  suppose  mercury  13  times 
heavier  than  water :  then  for  every  foot  that  the  watef  rises  in 
.'^C^  the  level  between  the  outside  and  inside  mercury  will  vary  an 
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pncli ;  and  if  we  rappo^e  de  to  be  30  feet,  then  if  Mre  can  tkr^ff 
tfa^  air  8p  M  to  raise  the  water  to  p,  the  outside  mercury  will  be 
depressed  to  q^  r,  ai|d  the  inside  mercury  will  have  risen  to  $,  i. 

Sand  tr  being  about  SO  inches.  In  this  state  of  things, 
p  water  will  run  oTer  by  the  pipe  ba,  apd  every  thing  will 
remain  neariy  iii  this  position,  The  columns  of  water  snd 
piercury  balapice  jsinch  other,  and  balance  the  pressi^re  of  the  al^ 
mosphere. 

While  diings  are  in  this  state  of  equilibrium,  if  we  alloMT 
(the  cylinders  to  descend  a  little^  the  water  will  rise  in  the  pi|ie 
fE,  which  we  may  pow  consider  as  a  suction-pipe ;  for  by  tn^ 
piotion  the  capacity  of  the  whole  is  enlarged,  and  therefore  ^e 
pressure  of  ^tfae  atmosphere  will  still  keep  it  full,  and  the  sitm* 

}ion  of  th^  merjcury  wUl  again  be  such  that  all  that  be  in  eqiii« 
ibrio.     It  will  be  a  little  lower  in  the  inside  spac^  pid  hi^ier 
in  the  outside. 

Taking  this  view  of  thing^^  we  see  cleanly  how  die  water  i$ 
aupp<Mte(j  by  the  atmosphere  lit  a  very  considerable  heigfa% 
Tlie  apparatus  is  analogous  to  a  syphon  which  has  one  Ipg 
filled  with  water  and  the  other  with  mercury.  But  it  was  n^ 
necessary  to  employ  an  air-pump  to  fill  it.  Suppose  it  agai^ 
empty,  and  all  die  valves  shut  by  their  own  weight.  Letth(| 
cylinders  descend  ^  little.  The  capacity  of  thje  spaces  foeloiif 
the  valve  d  is  enlarged,  and  therefore  the  included  aif  is  rare- 
^ed,  and  some  of  the  air  in  the  pip|B  ce  must  diffuse  itself  kitq 
the  space  quitted  by  the  inner  cylinder.  Therefore  the  mtniior 
sphere  will  press  some  water  up  thiei  pipe  fb,  and  some  mercurjf 
into  the  inner  space  between  the  cylinders.  When  the  cylinder^ 
ere  raised  again,  the  air  which  came  from  the  pipe  c^  woul4 
return  into  it  again,  but  is  prevented  by  the  valve  c. — Raising 
the  cyUnders  to  their  former  height  would  compress  this  air: 
it  therefore  lifts  the  valve  p,  and  escapes.  Another  depressioii 
of  the  cylinders  will  have  a  similar  effect.  Tl^e  water  will  rise 
higher  in  fo,  and  the  mercury  in  the  inner  space;  and  then^ 
after  repeated  strokes  the  water  will  pass  the  valve  c,  and  fill 
llie  whole  apparatus,  as  the  air-pump  had  caused  it  to  cK>  before, 
IChe  position  of  die  cylinders,  when  things  are  in  this  situatioO| 
is  represented  in  fig.  20.  the  outer  and  inner  cylinder  in  tiieir 
lowest  position  having  descended  about  30  inches.  The  mei^ 
cury  in  the  outer  space  stands  at  g,  r,  a  little  above  the  middle 
of  the  cylinders,  and  the  mercury  in  the  inner  space  is  pear  the 
top  is  of  the  inner  cylinder.  Now  let  the  cylinders  be  drawi| 
up.  The  water  above  the  mercury  cannot  get  back  agna 
through  the  valve  c,  which  shuts  by  its  own  weight.  We 
therefore  attempt  to  compress  it ;  but  die  mercury  yields^  and 
descends  in  the  inner  space^  and  rises  in  the  outer  till  both  arg 
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^vickljr  oa  n  lev^l,  about  the  hdght  ev.  J£  we  ttoatioue  to 
/raise  ikfi  cylinders,  the  compression  forces  out  more  mercury, 
tnd  it  n9W  st9nd^  lower  in  the  inner  than  in  the  outer  space. 
But  that  ther<)  may  be  something  to  bajance  this  inequality  of 
ihe  mercurial  columns,  the  water  goes  through  the  valve  d,  and 
dieisquilibiium  is  restored  when  the  height  of  the  water  in  the 
pipe  ED  above  the  surface  of  the  internal  n^ercury  is  12  times 
idle  difference  of  the  ipercurial  columns  (on  the  former  sup*- 
positipn  of  specjific  gravity^  If  the  quantity  of  w^ter  be  sncH 
tB  to  rise  two  feiet  in  the  pipe  ed,  the  mercury  in  the  outer 
^pacje  wUl  be  two  inches  higher  than  that  in  the  inner  space. 
AiKHber  depression  of  the  cylinders  will  9gain  enlarge  the  space 
.within  }he  ap()a^.atus,  the  mercury  will  take  the  position  of 
p^*  19.  and  more  water  will  come  in.  Raising  the  cylinders 
|»iU  send  diis  water  four  feet  up  the  pipe  bd^  and  the  mercury 
will  be  four  inches  higher  in  the  inner  than  in  the  outer  space, 
repeating  this  operation,  the  water  will  be  raised  still  higher 
in  D£;  and  this  will  go  on  till  the  mercury  in  the  outer  space 
reaches  the  tQp  of  the  jcy Under;  and  this  is  the  limit  of  the 
perforoiance.  The  dimensions  with  which  we  set  out  will 
enable  the  i^achine  to  raise  the  water  ^bout  SO  feet  in  the  pipe 
^D ;  which,  added  tp  the  SO  feet  of  cf,  makes  the  whole  height 
above  tjhe  pit-water  60  feet.  By  making  the  cylinders  longer^ 
M^e  incinease  the  height  of  fd.  This  machine  must  be  worked 
with  great  attention,  and  but  slowly ;  for  at  the  beginnii^  of 
ihe  forcing  stroke  the  mercury  very  rapidly  sinks  in  the  inner 
space  and  rises  in  the  outer,  and  will  dash  out  and  be  lost.  To 
prevent  this  as  much  as  possible,  the  outer  cylinder  terminates 
in  n  sort  of  cup  or  dish,  and  the  inner  cylinder  should  be  tapered 
)U  the  top. 

The  msichine  is  ^ceedingly  ingenious  and  refined ;  and  there 

is  no  doubt  but  that  its  performance  will  exceed  that  of  any 

other  pump  which  raises  the  water  to  the  same  height,  because 

jFrictioii  is  cpmpletely  avoided,  and  there  can  be  no  want  of 

tiditiiess  of  the  piston.     But  this  is  all  its  advantage;  and  from 

miat  has  been  observed,  it  is  but  trifling.    The  expence  would 

pe  enormous ;  for  with  whatever  care  the  cylinders  are  made^ 

tbe  interval  between  the  inner  and  outer  cylinders  must  contain 

t^  very  great  quantity  of  mercury.    The  middle  cylinder  must 

|be  nia(k  of  iron  plate,  and  must  be  without  a  seam,  for  the 

Mercury  would  dissolve  every  solder.     For  such  reasons,  it  has 

iierer  come  into  general  use.     But  it  would  have  been  unpaF- 

^onable  to  have  omitted  the  description  of  an  invention  which 

^  so  original  «id  ingenious ;  and  there  are  some  occasions  where 

ll  may  be  of  great  use^  as  in  nice  experiments  for  illustratjing 
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the  theory  of  hyelraulicSy  it  would  give  the  finest  pistons  for 
measuring  the  pressures  of  water^  in  pipes^  8cc* 

The  following  pump,  without  friction,  may  be  constructed 
in  a  variety  of  ways  b^  any  common  carpentef,  without  tiie 
assistance  of  the  pump-maker,  or  plumber,  and  will  be  very 
effective  for  raising  a  great  quantity  of  water  to  small  heights, 
as  in  draining  marshes,  marie  pits,  quarries,  8cc.  or  even  for  th^ 
service  of  a  house. 

4.  ABC  D  (pi.  XXV.  fig,  21.)  is  a  square  trunk  of  carpenter's 
work  open  at  both  ends,  and  halving  a  little  cistern  and  spoat 
at  top.  Near  the  bottom  there  is  a  partition  made  of  board, 
perforated  with  a  hole  e,  and  covered  with  a  clack,  ffff 
represent  a  long  cylindrical  bag  made  of  leather  or  of  double 
canvas,  with  a  fold  of  thin  leather,  such  as  sheepskin,  between 
the  canvas  bags.  This  is  firmly  nailed  to  the  board  e  with  soft 
leather  between.  The  upper  end  of  this  bag  is  fixed  on  a  round 
board  having  a  hole  and  valve  p.  This  board  may  be  turned 
in  the  lathe  with  a  groove  round  its  edge,  and  the  bag  fastened 
to  it  by  a  cord  bound  tight  round  it.  The  fork  of  the  piston- 
rod  FG  is  firmly  fixed  into  this  board ;  the  bag  is  kept  distended 
by  a  number  of  wooden  hoops  or  rings  of  strong  wire  ffyffi 
ffi  &c.  put  into  it  at  a  few  inches  distance  from  each  othet*.  It 
will  be  proper  to  connect  these  hoopd  before-  putting  ibem  in, 
by  three  or  four  cords  from  top  to  bottom,  which  will  keep 
them  at  their  proper  distances.  Thus  will  the  bag  have  the 
form  of  a  barber's  bellows  powder-puff.  The  distance  between 
the  hoops  should  be  about  twice  the  breadth  of  the  riin  of  the 
wooden  ring  to  which  the  upper  valve  and  piston-rod  are  fixed. 

Now  let  this  trunk  be  immersed  in  the  water.  It  is  evident 
that  if  the  bag  be  stretched  from  the  compressed  form  which  its 
own  weight  will  give  it  by  drawing  up  the  piston-rod,  its  capa- 
city will  be  enlarged,  the  valve  f  will  be  shut  by  its  own 
weight,  the  air  in  the  bag  will  be  rarefied,  and  the  atmosphere 
will  press  the  water  into  the  bag.  When  the  rod  is  thrust  down 
again,  this  water  will  come  out  by  the  valve  F,  and  fill  part  of 
the  trunk.  A  repetition  of  the  operation  will  have  a  similar 
effect ;  the  trunk  will  be  filled,  and  the  water  will  at  last  be 
discharged  by  the  spout. 

Here  is  a  pump  without  friction,  and  perfectly  tight.  For 
the  leather  between  the  folds  of  canvas  renders  the  bag  imper- 
vious both  to  air  and  water.  And  the  canvas  has  very  con- 
siderable strength.  We  know  from  experience  that  a  bag  of 
six  inches  diameter,  made  of  sail-cloth  No.  3.  with  a  sh^fepf 
skin  between,  will  bear  a  column  of  13  feet  of  water,  ^nd  stand 
six  hours  work  per  day  for  a  month  without  failure^  and  diat 
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the  pump  is  considerably  superior  in  effect  to  a  common  pump 
t>f  tlie  same  dimensions.  We  must  only  observe,  that  the 
length  of  the  bag  must  be  three  times  the  intended  length  of 
the  stroke ;  so  that  when  the  piston-rod  is  in  its  highest  position, 
the  angles  or  ridges  of  the  bag  may  be  pretty  acute.  It*  the  bag 
be  more  stretched  than  this,  the  force  which  must  be  exerted  by 
the  labourer  becomes  much  greater  than  the  weight  of  the 
column  of  water  which  he  is  raising.  If  the  pump  be  laid 
-aslope,  wnich  is  very  usual  in  these  occasional  and  liasty  draw- 
ings, it  is  necessary  to  make  a  guide  for  the  piston-rod  within 
the  trunk,  that  the  bag  may  play  up  and  down  without  rubbing 
on  the  sides,  which  would  quickly  wear  it  out. 

The  experienced  reader  will  see  that  this  pump  is  very  likc^ 
that  of  Gosset  and  De  la  Deuille,  described  by  Belidor,  vol.  ii. 

IW,  and  most  writers  on  hydraulics.  It  would  be  still  more 
ike  it,  if  the  bag  were  on  the  under  side  of  the  partition  e,  and 
a  valve  placed  further  down  the  trunk.  But  we  think  that  our 
form  is  greatly  preferable  in  point  of  strength.  When  in  the 
odier  situation,  the  column  of  water  lifted  by  the  piston  tends  to 
burst  the  bag,  and  this  with  a  great  force,  as  the  intelligent 
reader  well  knows.  But  in  the  form  recommended  here,  the 
bag  is  compressed,  and  the  strain  on  each  part  may  be  made  muc 
less  than  that  which  tends  to  burst  a  bag  of  six  inches  diamet^ 
The  nearer  the  rings  are  placed  to  each  other  the  smaller  NVill 
the  strain  be. 

The  same  bag-piston  may  be  employed  for  a  forcing-pump, 
by  placing  it  below  the  partition,  and  inverting  the  valve ;  and 
it  will  then  be  equally  strong,  because  the  resistance  in  this  case 
too  will  act  by  compression. 

5.  An  ingenious  variation  in  the  construction  of  the  sucking- 
pump,  is  that  with  two  piston-rods  in  the  same  barrel,  invented 
by  the  late  Mr.  W.  Taylor,  of  Southampton.  A  vertical  section 
of  this  pump  is  given  in  fig.  1 .  pi.  XX IV.    The  piston-rods  have 
mckff  at  their  upper  parts  working  on  the  opposite  sides  of  a 
pillion,  and  kept  to  their  proper  positions  by  friction-rollers. 
The  valves  used  in  this  pump  are  of  three  kinds,  as  shewn  at  a, 
b,  and  c.     Tlie  former  is  a  spheric  segment  which  slides  up  and 
down  on  the  piston-rod,  and  is  brought  down  by  its  own  weight: 
the  second,  b,  is  called  the  pendulum-valve  :  and  the  third,  c,  is 
a  globe  which  is  raised  by  the  rising  water,  and  falls  again  by  its 
own  weight.     Each  of  these  valves  will  disengage  itself  from 
chips^  sand,  gravel,  &c.  brought  up  by  the  water.     In  this  kind 
of  pump  the  pistons  may  either  be  put  in  motion  by  a  handle  in 
the  usual  way,  or  a  rope  may  pass  round  the  wheel  de  in  a 
proper  groove,  the  two  ends  of  which,  after  crossing  at  the  lower 
partpf  the  wheel^  maybe  pulled  by  one  man  or  more  on  each 
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side.  A  pump  of  this  kind,  with  a  seven-inch  bora,  heaves  m  ton 
twentj*four  feet  high  in  a  minute^  with  ten  men,  five  only  work- 
ing at  a  time  on  each  side. 

6.  Another  improvement  of  the  common  pump  has  been 
made  by  Mr.  Todd  of  Hull.  This  invention  in  some  particu^ 
lars  tiears  a  resemblance  to  the  ordinary  one,  but  be  has  coi^ 
trived  to  double  its  powers  by  the  following  means : 

Ha\ing  prepared  the  piston-cylinder,  which  may  be  twelve 
feet  high,  he  cuts  from  die  bottom  diereof  about  three  feet; 
at  the  end  of  Hhe  great  cylinder  he  places  an  atmospheric«valve, 
and  to  the  top  of  the  small  cylinder  a  serving-valve.  In  tbe 
,  bottom  of  the  small  cylinder,  which  contains  the  serving-valve, 
is  inserted  an  oblong  elliptical  curved  tube,  of  equal  calibre 
v^th  the  principal  cylinder,  and  the  other  end  is  a^m  insetted 
in  the  top  of  the  great  cylinder.  This  tube  is  divided  in  the 
same  manner  as  the  first  cylinder,  vrith  atmospheric  and  serring 
valves,  exactly  parallel  to  the  valves  of  the  first  cylinder. 
The  pump,  thus  having  double  valves,  produces  double  ^fleets, 
which  effects  may  be  still  further  increased  by  extending  the 
dimensions. 

llie  cylinder  is  screwed  for  service  on  a  male  tube-screw^ 
I  which  projects  from  the  side  of  a  reservoir  or  water  cistern^  ani 
is  worked  by  hand. 

The  piston-plunger  is  worked  by  a  toothed  segi|i<^t-whee^ 
similar  to  the  principle  of  the  one  used  in  working  the  diain* 
pumps  of  ships  belonging  to  the  royal  navy;  and  the  wheel 
receives  its  motion  from  ^  hand-winch,  which  is  considerablj 
accelerated  by  a  fly-wheel  of  variable  dimensions^  at  the  oppo* 
site  end. 

This  pump,  in  addition  to  its  increased  powers,  possesses 
another  very  great  and  prominent  advantage.  By  screwing^  t» 
it  the  long  leather  tube  and  fire-pipe  of  the  common  engine,  it 
is  in  a  few  minutes  converted  into  an  effective  fire-engine. 
Hence,  whoever  possesses  one  may  be  said  to  have  a  convenient 
domestic  apparatus  against  fire.  Three  men  can  work  it ;  o^t 
to  turn  the  winch,  another  to  direct  the  fire-pipe,  and  a  third  to^ 
supply  the  water. 

7.  Double,  triple,  or  quadruple  pumps,  admit  of  great  variety 
in  their  construction,  to  suit  different  purposes.  The  best  coU 
lection  of  these  with  which  we  are  acquainted  is  to  be  found 
in  Leopold's  Theatrum  Machinarum  Hydrauliearum :  some  in 
this  collection  are  very  singular  and  ingenious,  and  have  paf^ 
ticular  advantages  to  suit  local  circumstances,  and  give  them  • 
preference.  The  late  Mr.  Benjamin  Martin  invented  a  curioof 
and  powerful  pump  with  two  pistons,  the  friction  of  which  was 
exceedingly  small.    An  admirable  engraving  of  this  pomp,  by 
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Lowfy^  is  given  in  vol.  20.  of  Tilloch's  Philosophical  Magazine. 
Ilie  triple  pnmp,  a  sketch*  of  which  may  be  seen  in  fig.  9.  pi. 
XXrVt  is  taken  from  Bockler's  Theatrum  Machinarum:  the 
nature  of  the  machinery  by  which  this  pump  is  worked  will  be 
sufficiently  obvious  to  any  person  after  an  inspection  of  the 
figure:  the  horizontal  wheel  0,  and  its  shaft  A,  are  turned  by  the 
capstan  bars  b,  this  wheel  drives  the  pinion  d,  on  the  axle  of 
which  is  the  equalizing  fly  e,  and  the  crank  f:  the  rotatory 
OAOtion  of  the  crank  alternately  raises  and  depresses  the  bar  o, 
with  the  lever  h  turning  oo  a  roller  and  pivots,  and  thus  works 
the  pump  I:  at  the  same  time  the  connecting  rods  k  move  in 
like  manner  the  lever  m,  and  work  the  pump  p;  and  the  rods  x 
(Bove  the  lever  N^and  work  the  pump  p.  If  the  levers  h,  Uy  ir> 
are  not  so  contrived  that  the  extremities  of  each  shall  move 
Ibroiigh  equal  spaces,  the  bores  of  i,  o,  and  p,  must  be  made  iu 
the  inverse  ratio  of  those  spaces,  otherwise  one  or  odier  of  the 
reservoirs  may  be  drawn  dry;  a  defect  that  should  be  carefully 
guarded  against. 

8.  Our  attention  may  now  be  directed  to  some  of  the  dif- 
ferent forms  which  may  be  given  to  the  pistons  and  valves  of  a 

.  The  great  desideratum  in  a  piston  is,  that  while  it  be  as  tight 
u  possible,  it  should  have  as  little  friction  as  is  consistent  with 
this  indispensable  quality,  ^rhe  common  form,  when  carefully 
eiecuted,  possesses  these  properties  in  an  eminent  degree.  This 
piston  is  a  sort  of  truncated  cone,  generally  made  of  wood  not 
apt  to  split,  such  as  elm  or  beech.  The  small  end  of  it  is  cut 
off  at  tibe  sides,  so  as  to  form  a  sort  of  arch,  by  which  it  is  fast- 
ened to  the  iron  rod  or  spear.  The  two  ends  of  the  conical 
part  may  be  hooped  with  brass.  This  cone  has  its  larger  end 
surrounded  with  a  ring  or  band  of  strong  leather  fasten^  with 
nails,  or  by  a  copper  hoop,  wlxich  is  driven  on  it  at  the  smaller 
end;  the  further  this  end  reaches  beyond  the  base  of  the  cone,  die 
better ;  and  tlie  whole  must  be  of  uniform  thickness  all  round, 
10  as  to  suffer  equal  compression  between  the  cone  and  working 
barrel.  The  seam  or  joint  of  the  two  ends  of  this  band  must 
be  made  very  close ;  but  not  sewed  or  stitched  together,  as  that 
would  occasion  bumps  or  inequalities,  which  would  spoil  its 
tightness;  and  no  harm  can  result  from  the  want  of  it,  because 
the  two  edges  will  be  squeezed  close  together  by  the  compres- 
sion in  the  barrel.  Nor  is  it  by  any  means  necessary  that  this 
compression  be  great:  this  is  a  very  detrimental  error  of  the 
pump-makers.  ]t  occasions  enormous  friction,  and  destroys 
the  very  purpose  which  diey  have  in  view,  viz.  rendering  the 
piston  air-tight :  for  it  causes  the  leather  to^weaf  through  very 
soon  at  the  edge  of  tlie  cone,  and  it  also  wears  the  working 
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Umt^A,    TMm  verv  mtiAi  Uaoome^  mi<ie  m  that  p«t 

#1  i<»  tf>ri|tiM^  dttiucter^  Mid  it  (/Mx^iuev  inposKbie  to  thmit  in 

*  fitot'/tt  n^bieb  fluiil  coffipi«lkiv  fiJl  tlie  hv^tb  parL  Now,  m.  %€tj 
WoAnlr  prrtwure  » twifficaetit  forreodering  the  pomp  pcifectlj 
ti^^^ttd  « |M«ce  <^^lo%'«kalber  Mr<Mildl>e«ifficieiit  for  tlibpvp- 
p</iM$^  if  I<m>m;  or  dttMiited  horn  the  f<Jid cone;  for  suppose  such 

•  tooM?  Mid  tUixihltf  hut  ifnper%  ioufy  biad  of  leather  pot  round 
IImt  pimUmf  and  put  into  the  barrel;  and  let  it  even  be aapposed 
ibat  tiie  catm  doet  not  compress  it  in  the  smallest  degree  to  its 
iotemai  Mirface.  Four  a  little  water  carefuHy  into  the  iuaide  of 
lbi«  «^irt  of  cup  or  dish;  it  wiU  cause  it  to  swell  out  a  litde,  and 
•p|>ly  itself  close  to  the  barrel  all  round,  and  even  adjust  itsdf 
to  ^irits  iiie^jualities*  Let  us  suppose  it  to  touch  the  barrel  m  a 
riiig  ot  ail  iuch  broad  all  round.  We  can  easily  compote  the 
force  willi  which  it  is  pressed.  It  is  half  the  we^t  of  a  ring  of 
¥/iMr  au  iiM:h  deep  and  an  inch  broad.  This  is  a  trifle>  and  the 
friction  occusioucd  by  it  not  worth  regarding ;  yet  this  trifliiig 
prttNSure  is  Hufllicicnt  to  make  the  passage  perfectly  impervious, 
nvini  by  tlus  most  enormouH  pressure  of  a  high  column  of  iii-^ 
ciiinlit^Mi  water:  for  let  this  pressure  be  ever  so  great,  the  pres? 
snre  by  which  the  leuiher  adheres  to  the  barrel  always  exceeda 
iii  bccuiise  i\u*.  incumbent  fluid  has  no  preponeJera^tV/g  power  by 
which  it  can  force  its  way  between  them,  and  it  must  insinuate 
itsrlf  prt'ciscly  nu  far,  thai  its  pressure  on  the  inside  of  the  leather 
shull  Nlill  c^xceuil,  und  only  e'xceed,  tlie  pressure  by  which  it  en- 
<ltHiVi)urH  to  iuhimutte  itself;  und  thus  die  piston  becomes  per* 
(vv\\\  tighl  with  ihi)  Huiallcst  possible  friction.  This  reasoning 
U  |)«:rlmps  too  rclimul  for  the  uninstructed  artist,  and  probably 
will  Ui»i  pt'rHUttiiu  hiuu  To  such  we  would  recommend  an  ex* 
amiuiuitui  of  tho  pistons  und  vulves  contrived  and  executed  by 
that  uvtist,  whose  skill  far  surpasses  our  highest  conceptions, 
the  »IU\\iito  Creator  of  tiiis  world.  The  valves  which  shut  up 
tho  pti^suKCs  of  (ho  veins,  umi  this  in  places  where  an  extravasa* 
lion  would  bo  fiktlowod  h>  instant  deatli,  are  cups  of  ihiu  mem- 
brauo,  whioU  atlhoio  to  tho  sidts  of  the  channel  about  half  way 
innnuli  and  miv  dotaohod  in  the  rest  of  their  circumference. 
W  hon  the  bloikd  oomos  in  tho  op|Kx<ite  direction,  it  pushes  the 
luombtauo  anido^  and  has  a  passage  perfectly  free.  But  a 
»t^)^uauou  of  luoikm  allows  iho  tone  of  the  (perhaps)  muscular 
iuou^Uau^>  to  rt^l\>r«»  it  to  its  uaturjd  shape>  and  the  least  moiiom 
k\\  iho  op|>o>it^  du>H.  tiou  caused^  it  iu^tautly  to  clap  close  to  the 
^hk'^  \vt*  tiu>  v^m  aikl  then  uo  ^res^ure  whatever  can  force  a 
p49U^t^.  We  «haU  recur  to  this  again  when  describing  the 
xaik^ui  c\mtri\auc««  i>f  valves^  &c«  Whjt  vu&  have  said  m. 
«4KMiHjth  fMT  «u|^|M4rUii^  OUT  diKCUooi  for  cooslniclaig^  a.  tiglit 
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|M8toii»  But  we  recommend  thick  and  strong  leather,  whUe 
our  present  reasoning  seems  to  render  thin  leather  preferable. 
If  the  leather  be  thiiiy  and  the  solid  piston  in  any  part  does  not 
m'ess  it  gently  to  the  barrel,  there  will  be  in  this  part  an  unba- 
lanced pressure  of  the  incumbent  column  of  water,  which  would 
instantly  burst  even  a  strong  leather  bag ;  but  when  the  solid 
piston,  covered  with  leather,  exactly  fills  the  barrel,  and  is  even 
pressed  a  little  to  it,  there  is  no  such  risk ;  and  now  that  part  of 
tbe  leather  baud  which  reaches  beyond  the  solid  piston  performs 
its  office  in  the  completest  manner.  We  do  not  hesitate,  there- 
fore, to  recommend  this  form  of  a  piston,  which  is  the  most 
common  and  simple  j>f  all,  as  preferable,  when  well  executed, 
to  many  of  those  more  artificial,  and  frequently  very  ingenious, 
constructions,  which  we  have  m<^t  with  in  the  works  of  the  first 
engineers. 

fididor,  an  author  of  the  first  reputation,  has  given  the 
description  of  a  piston  which  he  highly  extols,  and  is  undoubt- 
edly a  very  good  one,  constructed  from  principle,  and  extremely 
w^l  composed. 

9.  It  consists  of  a  hollow  cylinder  of  metal  (pi.  XXV.|fig.22.^ 
piert^ed  with  a  number  of  holes,  and  having  at  top  a  flanch^ 
whose  diameter  is  nearly  equal  to  that  of  the  working  barrel  of 
the  pump.  This  fianch  has  a  groove  round  it.  There  is  another 
flanch  tielow,  by  which  this  hollow  cylinder  is  fastened  with 
bolts  to  die  lower  end  of  the  piston,  represented  in  fig.  23. 
This  consists  of  a  plate  with  a  grooved  edge  similar  to  ab,  and 
an  iDterniediate  plate  which  forms  the  seat  of  the  valve.  The 
compoisition  of  tliis  part  is  better  understood  by  inspecting  the 
figure  than  by  any  description.  The,  piston-rod  hl  is  fixed  to 
the  upper  plate  by  bolts  through  its  different  branches  at  g,  g. 
This  metal  body  is  then  covered  with  a  cylindrical  bag  of  lea- 
ther, fastened  on  it  by  cords  bound  rouiid  it,  filling  up  the 
grooves  in  tlie  upper  and  lower  plates.  The  operation  of  the 
piston  is  as  follows. 

A  little  water  is  poured  into  the  pump,  which  gets  past  the 
sides  of  the  piston,  and  lodges  below  in  the  fixed  valve.  The 
piston  being  pushed  down  dips  into  this  water,  and  it  gets  into 
It  by  the  valve.  But  as  the  piston  in  descending  compresses 
the  air  below  it,  this  compressed  air  also  gets  into  the  inside  of 
tbe  piston,  swells  out  the  bag  which  surrounds  it,  and  com- 
presses it  to  the  sides  of  the  working-barrel.  When  the  piston 
]s  drawn  up  again,  it  must  remain  tight,  because  the  valve  will 
liHit  and  keep  in  the  air  in  its  most  compressed  state;  therefore 
Ae  piston  must  perform  well  during  tlie  suction.  It  must  act 
squally  well  when  pushed  down  again,  and  act  as  a  forcer ; 
l^r,  kowever  great  the  resistance  may  be,  it  will  affect  the  air 
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within  the  piston  to  the  same  degree,  and  keep  the  leather  tlo^ 
applied  to  the  barrel,  lliere  can  be  no  doubt  therefore  of  ther 
piston's  performing  both  its  offices  completely ;  but  we  imagine' 
that  the  adhesion  to  the  barrel  will  be  greater  than  is  necessary: 
IJt  will  extend  over  the  whole  surface  of  the  piston,  and  be  equally 
great  in  every  part  of  its  surface;  and  we  suspect  that  the  friction 
will  therefore  be  very  great.  We  have  very  high  authority  for 
supposing  that  the  adhesion  of  a  piston  of  the  common  formy 
carefully  made,  will  be  such  as  will  make  it  perfectly  tight;  and 
it  is  evident  that  the  adhesion  of  Belidor's  pistoQ  will  be  much 
greater,  and  it  will  be  productive  of  worse  consequences.  If 
the  leather  bag  be  worn  through  in  any  one  place,  the  aif 
escapes,  and  the  piston  ceases'  to  be  compressed  altogether; 
whereas  in  the  common  piston  there  will  very  little  harm  result 
from  the  leather  being  worn  through  in  one  place,  especially  if 
it  project  a  good  way  beyond  the  base  of  the  cone.  We  still 
think  the  common  piston  preferable. 

10.  Belidor  describes  another  forcing  piston,  which  he  had 
executed  MJth  success,  and  prefers  to  the  common  woodeit 
forcer.     It  consists  of  a  metal  cylinder  or  cone,  having  a  broad 
ilanch  united  to  it  at  one  end,  and  a  similar  flanch  which  is 
screwed  on  the  other  end.     Between  these  two  plates  are  a  - 
number  of  rings  of  leather  strongly  compressed  by  the  two 
flanclies,  and  then  turned  in  a  lathe  like  a  block  of  wood,  till  the 
whole  fits  light,  when  dr}',  into  the  barrel.     It  will  swell,  says 
he,  and  soften  with  the  water,  and  withstand  the  greatest  pres^ 
sures.     We  cannot  help  thinking  this  but  an  inditl'erent  piston. 
When  it  wears,  there  is  nothing  to  squeeze  it  to  the  barrel.     It 
itiay  indeed  be  taken  out  and  another  ring  or  two  of  leather  put 
in,  or  the  flanclies  may  be  more  strongly  screwed  together:  but' 
all  this  may  be  done  with  any  kind  of  piston ;  and  this  has  there- 
fore no  peculiar  merit. 

11.  The  folloAving  will,  we  presume,  appear  greatly  prefer-^ 
able.  ABCD  (fig.  24.),  is  the  solid  wooden  or  metal  block  of  the 
piston;  ef  is  a  metal  plate,  which  is  turned  hollow  or  dish-tike 
below,  so  as  to  receive  w  ithin  it  the  solid  block.  The  piston- 
I'od  goes  through  the  whole,  and  has  a  shoulder  above  the  plate 
EF,and  a  nut  H  below.  Four  screw-bolts  also  go  tbroagh  the 
whole,  having  their  heads  surik  into  the  block,  and  nuts  above. 
The  packing,  or  stuffing,  as  it  is  termed  by  the  workmen,  is  re- 
presented at  NO.  This  is  made  as  solid  as  possible,  and  generally, 
consists  of  soft  hempen  twine  well  soaked  in  a  mixture  of  oil, 
tallow,  and  rosin.  The  plate  ef  is  gently  screwed  down,  and* 
the  whole  is  then  put  into  the  barrel,  fitting  it  as  tight  as  may 
be  thought  proper.  When  it  wears  loose,  it  may  be  tightened' 
at  any  time  by  screwing  down  the  nuts  which  cause  the  edges 
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of  llie  dish  to  squeeze  out  the  packing,  and  compresses  it  against 
fhe.  barrel  to  any  degree. 

The  greatest  difficulty  in  the  construction  of  a  piston  is  to 
give  a  suQicient  passage  through  it  for  the  water,  and  yet  allow 
a  firm  support  for  the  valve,  and  fixture  for  the  piston-rod. 
It  occasions  a  considerable  expense  of  the  moving  power  to 
force  a  piston  with  a  narrow  perforation  through  the  water  lodg- 
ed in  the  working  barrel.  When  we  are  raising  water  to  a 
small  height,  such  as  10  or  20  feet,  the  power  so  expended 
amounts  to  a  fourth  part  of  the  whole,  if  the  water-way  in  the 
pistOH  is  less  than  one  half  of  the  section  of  the  barrel,  and  the 
velocity  of  the  piston  two  feet  per  second,  which  is  very  mo- 
derate. There  can  be  no  doubt,  therefore,  that  metal  pistons  are 
preferable,  because  their  greater  strength  allows  much  wider 
apertures. 

12.  The  following  piston,  described  and  recommended  by 
Belidor,  seems  as  perfect  in  these  respects  as  the  nature  of 
things  will  allow.  We  shall  therefore  describe  it  in  the  au- 
thor's own  words,  as  a  model  which  may  be  adopted  with  con- 
fidence in  the  greatest  works. 

"  The  body  of  the  piston  is  a  truncated  metal  cone  ccxx 
(fig.  25.),  having  a  small  fillet  at  the  greater  end.  Fig.  26. 
shows  the  profile,  and  fig.  27,  the  plan  of  its  upper  base ;  where 
appears  a  cross  bar  dd,  pierced  with  an  oblong  mortise  e  for 
receiving  the  tail  of  the  piston-rod.  A  baud  of  thick  and 
iinifprm  leather  a  a  (fig.  26.  and  2d»)  is  put  round  this  cone, 
ancl  secured  by  a  brass  hoop  bb  firmly  driven  on  its  smaller 
end,  where  it  is  previously  made  thinner  to  give  room  for  the 
hoop. 

"  This  piston  is  covered  with  a  leather  valve,  fortified  with 
metal  plates  gg  (fig.  29.).  These  plates  are  wider  than  the 
hole  of  the  piston,  so  as  to  rest  on  its  rim.  There  are  similar 
plates  below  the  leather,  of  a  smaller  size,  that  ihey  may  go  into 
the  hollow  of  the  piston;  and  the  leather  is  firmly  held  be- 
tween the  metal  plates  by  screws  h,  h,  which  go  through  alK 
This  is  represented  by  the  dotted  circle  ik.  Thus  the  pressure 
of  the  incumbent  column  of  water  is  supported  by  the  plates 
GG,  whose  circular  edges  rest  on  the  brim  of  the  w^ater-way, 
and  thus  straight  edges  rest  on  the  cross-bar  dd  of  fig.  26  and 
27.  This  valve  is  laid  on  the  top  of  the  conical  box  in  such  a 
manner  that  its  middle  ff  rests  on  the  cross-bar.  To  bind  all 
together,  the  end  of  the  piston-rod  is  formed  like  a  cross,  and 
d^e.arms  mn  (fig.  30.)  are  made  to  rest  on  the  diameter  ff  of 
the  valve,  the.  tail  ep  going  through  the  hole  e  in  the  middle 
of  the  leather,  and  through  the  mortise  £  of  the  cross-bar  of 
thg  box  ;  as  well  .s|s  thiougU,^09thei'  bar  an  (fig.  2S.  aqd  29.) 

Y  2 


Sa4  MACHl!9E». 

u'hicli  is  notched  into  the  lower  brim  of  tht  h&x.  A  t€!f  ¥ 
in  then  driven  into  the  hole  t  in  the  piston-rod;  and  dii# 
wedges  all  fast.  The  bar  QVl  is  made  strong  ;  and  its  extre^ 
mities  project  a  little,  so  as  to  Supped  the  brass  boop  BJi 
which  binds  the  leather  band  to  the  piston-box.*^ 

This  piston  has  every  advantage  of  strength,  tightness,  and 
large  water-way.  The  form  of  the  talve  (which  has  giten  if 
the  name  of  the  Imtterfty-valve)  is  extremely  favourable  tp  the 
passage  of  the  water ;  and  as  it  has  but  half  the  Booties  of 
a  complete  circular  valve^  less  water  goes  back  while  it  It 
shutting. 

)  3«  The  following  piston  is  also  ingenious,  and  has  a  good 
deal  of  merit,  ofpo  (pi.  XXIV.  iig.  5.)  ia  the  box  of  dM^ 
piston,  having  a  perforation  q,  covered  above  with  a  flat  viAv^ 
K,  which  rests  in  a  metal  plate  that  forms  the  top  of  dm  box% 
ABCB  A  is  a  stirrup  of  iron  to  which  the  box  is  fixed  by  serewa 
tf,  a,  a,  a^  whose  heads  are  sunk  in  the  wood.  This  stirrup  itf 
perforated  at  c,  to  receive  the  end  of  the  jpiston^rod,  and  a  nut 
H  is  screwed  on  below  to  keep  it  fast,  defed  is  anotkef^ 
stirrup,  whose  lower  part  at  dd  forms  a  hoop  like  the  aok  of 
It  stirrup,  which  embraces  a  small  part  oi  the  top  of  the 
wooden  box.  The  lower  end  of  the  pistoihrod  is  screwadf 
and  before  it  is  pat  into  the  holes  of  the  two  stirrnps  (diftyarii 
which  holes  it  slides  freely)  a  broad  nut  g  is  screwed  on  it^  ft 
is  then  put  into  the  holes,  and  the  nut  H  firmly  screwed  up. 
The  packing  rr  is  then  wound  about  the  piston  as  t^ht  at 
passible  till  it  completely  fills  the  working-barrel  of  the  pumpw 
When  long  use  has  rendered  it  in  any  degree  loose,  it  may  be 
tightened  again  by  screwing  down  the  nut  g.  This  causes  the 
ring  OD  to  compress  the  packing  between  it  and  the  prelecting 
shoulder  of  the  box  at  pp  ;  and  thus  causes  it  to  swell  out,  and 
apply  itself  closely  to  the  barrel.  Prony,  in  his  Architecture 
H^draulique,  ascribes  this  invention  to  M.  Bettancourt. 

14.  We  shall  add  only  aiK>tber  form  of  a  perforated  jMaton  ; 
which  being  on  a  principle  different  from  all  the  preceding,  wSl 
suggest  many  others  ;  each  of  which  will  have  its  peculiar  ad- 
vantages, oo  in  fig.3.  pi.  XXIV.  represents  the  box  of  thi» 
pistou,  fitted  to  the  working-barrel  in  any  of  the  preceding  way*, 
as  may  be  tliought  best,  ab  is  a  cross-bar  of  four  arms, 
which  is  fixed  to  tlie  top  of  the  box.  CF  is  the  piston-rod 
going  through  a  hole  in  the  middle  of  ab,  and  reaching  a  little 
way  beyond  the  bottom  of  the  box.  It  has  a  shoulder  D, 
which  prevents  its  going  too  far  through.  On  the  lower  end 
there  is  a  thick  metal  plate,  turned  conical  on  its  upp^r  side, 
so  as  to  fit  a  conical  seat  pp  in  the  bottom  of  the  piaton^box. 

When  the  piston-rod  ia  pushed  down^  the  friction  qd  tbe 
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iumi.  {yreveotB  the  bo%  from  immediately  yielding.  The  rod 
tlierefore  slips  thrqugh  tiie  hole  of  the  cross-bars  ab.  The 
jplate  ^,  dierefoce^  detaches  itself  from  the  box.  When  the 
jshoulder  9  pressea  on  the  bar  ab,  the  box  must  yield,  and  hm 
Bushed  down  the  barrels,  and  the  water  gets  up  through  the 
perforatiojD.  When  the  piston-rod  is  drawn  up  again,  the  box 
ooes  not  move  till  the  plate  s  lodges  in  the  seat  pp,  and  thus 
jdittts  die  water-way.;  and  then  the  piston  lifts  the  water  which 
y  ttbore  it,  and  ftcts  as  the  piston  of  a  sucking-pump. 

Tbiii  18  a  very  simple  ana  effc^ctwe  construction,  and  makes  a 
very  tight  valve.  It  has  been  much  recommended  by  engineers 
.of  the  firpt  reputation,  and  is  frequently  used ;  and,  from  its 
saiplicijhr,  and  the  great  iK>lidity  of  which  it  is  capable,  it  seems 
yjerjf  fit  tor  great  works*  But  it  is  evident  that  the  water-way 
h  limited  to  leas  than  one-half  of  the  area  of  the  working- 
varreL  For  if  the  perforation  of  the  piston  be  one-half  of  the 
jma^  tbe  diameter  of  the  plate  or  ball  ef  must  be  greater; 
Ittd  tb^iefore  less  than  half  the  area  will  be  left  for  the  passage 
fti  ik/t  water  by  its  sides. 

15.  We  come  now  to  consider  briefly  the  forms  which  may 
jbe  given  to  the  vahes  of  an  hydraulic  engine. 

The  requisites  of  a  valve  are,  that  it  shall  be  ti^ht,  of  suffici- 
^plreDg^tn  tp  resist  the  great  pressures  to  which  it  is  exposed, 
ihlilt  it  afford  a  sufficient  passage  for  the  water,  and  that  it  do 
not  allow  much  to  go  back  while  it  b  shutting. 

The  btttterfly-valve  represented  in  figures  29,  8Cc.  is  free 
from  most  pf  the  inconveniences,  and  s^ms  the  most  perfect 
of  the  clack  valves.  Some  engineers  make  their  great  valves 
ofm  pyramidal  form,  consisting  of  four  clacks,  whose  hinges  are 
n  die  circumference  of  the  water-way,  and  which  meet  with 
lhetrj)oint8  in  the  middle,  and  are  supported  by  four  ribs  which 
rise  up  from  the  sides,  and  unite  in  the  middle.  This  is  a^  exr 
oellent  form,  affording  the  most  spacious  water-way,  and  shut- 
ting  very  readily.  It  seems  to  be  the  best  possible  for  a  piston« 
Tm  rod  of  the  piston  is  branched  out  on  four  sid^s,  and  the 
fanmches  go  through  the  piston-box,  and  are  fastened  below 
vilfa  screws.  These  branches  form  the  support  for  the  four 
jdacka.  We  have  seen  a  valve  of  this  form  in  a  pump  of  six  feet 
fiMbeter,  which  dkcbarged  20  hogsheads  of  water  every  stroke^ 
mi  made  12  strdses  in  a  minute,  raising  the  water  above  22  feet. 

16.  There  is  another  form  of  valve,  called  the  button  or 
tail  vmhe.  It  consists  of  a  plate  of  metal  ab  (fig.  4*  pi* 
XXiy.)  turned  conical,  so  as  exactly  to  fit  the  conical  cavity 
A  of  its  box.  A  tail  cd  projects  firom  the  under  side,  whichv 
passes  through  a  cross-bar  bf  in  the  bottom  of  the  box,  and 
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has  a  little  knob  at  the  end,  to  hinder  the  valve  from  rising  too' 
high. 

This  valve,  when  nicely  made,  is  unexceptionable.  It  haar 
great  strength,  and  is  therefore  proper  for  all  severe  strains,  and 
it  may  be  made  perfectly  tight  by  grinding.  Accordingly  it  is* 
used  in  all  cases  where  this  is  of  indispensable  consequence,  it 
is  most  durable,  and  the  only  kind  that  will  do  for  passages 
where  steam  or  hot  water  is  to  go  through.  Its  only  imper-. 
fection  is  a  small  water-way ;  which,  from  what  has  been  said, 
<iannot  exceed,  nor  indeed  equal,  one-half  of  the  area  of  the 
pipe. 

If  we  endeavour  to  enlarge  the  M^ater-way,  by  giving  the 
cone  very  little  taper,  the  valve  frequently  sticks  so  fast  in  the 
seat  that  no  force  can  detach  theni. — And  this  sometimes  hap- 
pens during  the  working  of  the  machine;  and  the  jolts  and 
blows  given  to  the  machine  in  taking  it  to  pieces,  in  order  to 
discover  what  has  been  the  reason  that  it  has  discharged  no 
water,  frequently  detaches  the  valve,  and  we  find  it  quite  loose, 
and  cannot  tell  what  has  deranged  th*^  pump.  When  this  is 
guarded  against,  and  the  diminution  of  the  water-way  is  not  of 
very  great  consequence,  this  is  the  best  form  of  a  valve, 

17*  Analogous  to  this  is  the  simplest  of  all  valves.  It  is 
nothing  more  than  a  sphere  of  metal,  to  which  is  fitted  a  seat 
with  a  small  portion  of  a  spherical  cavity.  Nothing  can  h^ 
more  effectual  than  this  valve;  it  always  falls  into  its  proper 
place,  and  in  every  position  fits  it  exactly.  Its  only  imper- 
fection is  the  great  diminution  of  the  water-way.  If  the  dia- 
meter of  the  sphere  do  not  considerably  exceed  that  of  the 
hole,  the  touching  parts  have  very  little  taper,  and  it  is  very  apt 
to  stick  fast.  It  opposes  much  less  resistance  to  the  passage  of 
the  water  than  the  flat  under-surface  of  the  button- valve.  The 
spherical  valve  must  not  be  made  too  light,  otherwise  it  will  be 
hurried  up  by  the  water,  and  much  may  go  back  while  it  is 
returning  to  its  place. 

Belidor  describes  with  great  minuteness  (vol.  ii.  p.  221,  8cc.) 
a  valve  which  unites  every  requisite.  But  it  is  of  such  nice 
and  delicate  construction,  and  its  defects  are  so  great  when  this 
exactness  is  not  attained,  or  is  impaired  by  use,  that  we  think 
it  hazardous  to  introduce  it  into  a  machine  in  a  situation  where 
an  intelligent  and  accurate  artist  is  not  at  hand.  For  this  rea- 
son we  have  omitted  the  description,  which  cannot  be  given  in 
few  M^ords,  nor  without  many  figures ;  and  desire  our  curious 
readers  to  consult  that  author,  or  peruse  Dr.  Desaguliers^s 
translation  of  this  passage.  Its  principle  is  precisely  the  same 
with  the  following  rude  contrivance. 
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l-S.  Sappose  ABCD  (fig.  2. plate  XXIV.)   to  be  a  square^ 

^^ooden  tnui)c.    i<:f  is  a  piece  of  oak  board ,  exactly  fitted  to  the 

tru^k.  in  an  oblique  position,  and  supported  by  an  iron  pin 

>vhich  goies  through  it  at  i,  one-third  of  its  length  .from  its  lower 

cjKtremity  E.     The  two  ends  of  this  board  are  bevelled,  so  as  to 

apply  exactly  to  Jthe  sides  of  the  trunk.     It  is  evident,  that  if  a 

stream  of  water  come  in  the  direction  ba,  its  pressure  on  the 

part  IF  of  this  board  will  be  greater  than  that  upon  ei.    It  will 

therefore  fofce  it  up  and  rush  through,  making  it  stand  almost 

parallel  to  the  sides  of  the  trunk.     To  prevent  its  rising  so  far, 

apin  mu$t  be  put  in  its  w^y*  When  this  current  of  water  changes 

its  direction,  the  pressure  on  the  upperside  of  the  board  being  again 

greatest  on  the  portion  if,  it  is  forced  back  again  to  its  former 

situation;  and  its  two  extremities  resting  on  the  opposite  sides 

of  the  trunk,  the  passage  is  completely  stopped.     This  board 

therefore  performs  the  office  of  a  valve;  and  this  valve  is  the 

inost  perfect  that  can  be,  because  it  offers  the  freest  passage  to 

{he  water,  an^  it  allow4$  very  JitUe  to  get  b^ick  wlijle  it  i«. 

shutting;  for  the  part  i£  brings  up  half  as  much  water  as  if 

allows  to  go  down.     It  may  be  made  extremely  tight,  by  fixing 

two  thin  fillets  h  and  6  to  the  sides  of  the  trunk,  and  covering 

those  parts  of  the  board  with  leather  which  apply  to  them^ 

and  in  this  state  it  perfectly  resembles  Belidor's  fine  valve. 

1 9.  This  construction  of  the  valve  suggests,  by  the  way,  a 
.form  of  an  occasional  pump,  which  may  be  quickly  set  up  by 
any  common  jcarpenter,  and  wjU  be  very  efFecti^al  in  small 
lieights.  Let  abcde  (fig.  2.)  be  a  square  bpx  made  to  slide  alon^ 
.thjs  >vo«den  trunk  without  shake,  having  two  of  its  sides  pro- 
jecting upwards,  terminating  like  the  gable  ends  of  a  hpuse.     A 
piece  of  wood  e  is  mortised  into  these  twa  sides,  and  to  this  the 
piston-rod  is  fixed.     ITiis  box  being  furnished  with  a  valve 
s'unilar  to  the  one  below,  will  perform  the  office  of  a  piston. 
If  this  pump  be  immersed  so  deep  in  the  water  that  the  piston 
shall  also  be  under  water,  we  scruple  pot  to  say  that  its  perform- 
ance will  be  equal  to  any.    The  piston  may  be  made  abundantly 
tight,  by  covering  its  outside  neatly  with  soft  leather.     And  as 
no  pipe  can  be  bored  with  greater  accuracy  than  a  very  or- 
dinary workman   can   make   a  square   trunk,    we    think   this 
•  pump  will  not  be  very  deficient  even  for  a  considerable  suc- 
tion. 

Thus  much  will,  we  hope,  suffice  for  the  descriptive  part  of 
these  useful  machines:  as  to  the  theory  of  the  motion  of  water 
in  pumps,  at  the  same  time  that  it  is  extremely  intricate,  it 
presents  but  few  results  that  are  of  any  practical  utility.  The 
curious  student  may  be  referred  to  the  Maschinenlehre  of 
l^n^sdorf,  the  Hydrodynamique  of  Bossut,  the  Hydray>liq\ie 
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of  Buat,  Hachette's  Traitc  Elementaire  des  Maehints^  tbe 
Architecture  Hvdraulique  of  Prony,  and  the  article  Pumpin 
the  EncyclopaBciia  Britannica.  The  last  two  pieces  have  fur- 
nished 118  with  the  most  valuable  parts  of  the  present  article. 
Some  remarks  on  the  variable  motion  of  the  piston-rod  may  be 
9ec;n  under  the  title  paballel  motion  in  this  volume* 

PYROMETER,  a  machine  contrived  to  measure  the  ex- 
pansion of  metals,  and  other  bodies,  occasioned  by  heat. 

Muschenbroeck  was  the  original  inventor  of  the  Pyrometer ; 
tfie  nature  and  construction  of  his  instrument  may  be  understood 
from  the  following  account.  If  we  suppose  a  small  bkr  of 
metal^  12  or  15  inches  in  length,  made  fast  at  one  of  its  extre- 
mities, it  is  obvious  that  if  it  be  dilated  by  beat  it  will  become 
lengthened,  and  its  other  extremity  will  be  pushed  forwards. 
If  this  extremity  then  be  fixed  to  the  end  of  a  lever,  the  other 
end  of  which  is  furnished  with  a  pinion  adapted  to  a  \vheel,  ana 
if  this  wheel  move  a  second  pinion,  the  latter  a  third,  and  so  on, 
it  will  be  evident  that  hy  multiplying  wheels  find  pinions  iti 
this  manner,  the  last  will  have  a  very  sensible  motion;  so  thai 
the  moveable  extremity  of  the  small  bai"  cannot  pass  over  &6 
hundredth  or  thousanddi  part  of  a  line,  without  a  point  of  the 
circumference  of  the  last  wheel  passing  over  several  inches.  If 
this  circumference  then  have  teeth  fitted  into  a  pinion,  to  whicH 
an  index  is  attached,  this  index  will  make  several  revolutions^ 
vhen  the  dilatation  of  the  bar  amounts  only  to  a  quantity  alto^ 
getlier  insensible.  The  portions  of  this  revolution  may  be 
measured  on  a  dial-plate,  divided  into  equal  parts;  and  by  means 
of  the  ratio  which  the  wheels  bear  to  the  pinionsj  the  abso^ 
lute  quantity  which  a  certain  degree  of  heat  may  have  expanded 
the  small  bar  can  be  ascertained :  or^  conversely,  by  the  dilatation 
of  the  small  bar  the  degree  of  heat  which  has  been  applied  t<^ 
it  may  be  determined. 

Such  is  the  construction  of  Muschenbroeck's  pyrometer.  It 
is  necessary  to  observe  that  a  small  cup  is  adapted  to  the  ma^ 
chine,  in  order  to  receive  the  liquid  or  fused  matters,  subjected 
to  experiment,  and  in  which  the  bar  to  be  tried  is  immersed. 

When  it  is  required  to  measure,  by  this  instrument^  a^  consi- 
derable degree  ofheat,  such  as  that  of  boiling  oil  or  fused  metal^ 
All  the  cUp  with  the  matter  to  be  tried,  and  immerse  the  bar  of 
iron  into  it  The  dilatation  of  the  bar,  indicated  by  the  index, 
will  point  out  the  degree  of  heat  it  has  assumed,  and  which 
inust  necessarily  be  equal  to  that  of  the  matter  into  which  it  1$ 
immersed. 

This  machine  evidently  serves  to  determine  the  ratio  of  the 
dilatation  of  metals,  &c.:  for  by  substituting  in  the  tobm  of  tb^ 
pyronietric  bar  other  metallic  bars  of  the  same  lengthy  and  then 
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.e»Qftifig  thejtt  to  «i  eqtial  de^ee  of  heat,  die  ration  of  their 
(dmtetion  will  be  shewn  by  the  motidn  of  t^e  index. 

Muscheobroeck  has  given  a  table  of  the  expansion  of  the 
cBfferent  metals,  in  the  same  .degree  of  heat.  Having  prepareid 
eylindric  rods  of  iron,  steel,  copper,  brass,  tin^  and  lead,  he 
exi>osed  them  first  to  a  pyrometer  with  one  flame  in  the  middle ; 
then  with  two  flames ;  and  successively  to  one  with  three,  four, 
and  five  flames.  But  previous  to  this  trial,  he  took  care  to  cool 
them  equaltyi  by  exposing  them  some  time  upon  the  sam^ 
stone,  wnen  it  began  to  freeze,  and  Fahrenheit's  thermometer 
iHPBs'at  tfairty*two  degrees.  The  efiFects  of  these  experiments 
are  digested  in  (he  following  table,  where  the  degrees  of  ex* 
pension  are  parked  in  parts  equal  to  the  xThm  P^i't  of  an  inch. 


i  Expansion  of 

Iron 
80 

m 

109 
142 
211 

Steel 
85 

12S 

94 

168 

Copper 

Brass 

Tin 
153 

219 

Lead 

155 

274 
263 

By  one  flame 

89 

110 

By  two  flames  placed 

close  together 

If 

115 

220 

By  (wo  flames  ^i 
inches  distant 

* 

92 

141 

By  three  flames  placed 
close  together 

193 

275 

By  four  flames  placed 
close  together 

270 

270 

361 

By  five  flames 

230 

310 

310 

377 

It  is  to  be  observed  of  tin,  that  it  will  easily  melt,  vvhen 
lieated  by  two  flames  placed  together.  LiBad  commonly  melts 
Ifith  three  flanles,  pbiced  together,  especially  if  they  bum  long. 

From  thes6  ^xp^riinents,  so  far  as  they  are  correct,  it  appears, 
at  first  view,  that  iron  is  the  least  rarefied  of  any  of  these  metals, 
whether  it  be  heated  by  one  or  more  flames ;  and  therefore  is 
inost  propel*  fdr  making  machines  or  instruments  which  we 
would  have  free  from  any  alterations  by  heat  or  cold,  as  the 
rods  of  pendulums,  for  clocks,  &c.  So  likewise  the  measures 
of  yard»  or  feet  should,  if  of  metal,  be  made  of  iron,  that  their 
Iqvgth  may  be  as  nearly  as  possible  the  -same,  summer  and 
irinter^    l^e  expansion  of  lead  and  tin,  by  only  one  flame,  is 
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nearly  die  same;  that  is/aln^ost  double  of  the  expansion  of  iroor 
It  is  likewise  observable,  that  the  fjaraes  placed  together  cause 
u  greater  rarefaction  than  whjen  they  have  a  sensible  interval 
between  them;  iron,  in  the  former  case,  being  expanded  117. 
degrees,  and  only  109  in  the  latter;  the  reason  of  which  differ- 
ence is  obvious.     By  comparing  the  expansions  of  the  same, 
metal,  produced  by  one,  two,  three,, or  more  flames,  it  appeals,, 
that  two  flamesvdo  not  cause  double  the  expansion  of  one;  nof; 
three  flames  three  times  that  expansion,  but  always  less ;  and: 
these  expansions  differ  so  much  the  more  from  the  ratio  of  the 
number  of  flames,  as  there  are  more  flames  acting  at  the  same 
time.  I^  is  also  observable,  that  metals  are  not  expanded  equally, 
at  the  time  of  their  melting,  but  some  more,  some  less.     Thii3 
tin  began  to  run,  when  rarefied  219  degrees;  whereas  brass  was 
expanded  377  degrees,  and  yet  was  far  from  melting. 

By  the  help  of  this  instrument  Mr.  EUicott  found  upon  ^ 
medium,  that  the  expansions  of  bars  of  different  metals,  as 
i^early  of  the  same  dimensions  as  possible,  by  thp  same  degree 
of  heat,  were  as  follow : 

Gold,      Silver,      Brass,      Copper,      Iron,      Steel,      Leaq, 
^   73  103  95  89  60  56  149! 

The  great  difference  between  the  expansions  of  iron  and  brass 
has  been  applied  with  good  success  to  remedy  the  irregularities 
in  pendulums  arising  from  heat.  (Phil.  Trans,  vol.  xlvii.  p.  485.) 

See  PENDULUM.  , 

Mr.  Graham  used  to  measure  the  minute  alterations,  in 
length,  of  metal  bars,  by  advancing  the  point  of  a  micrometer- 
screw,  till  it  sensibly  stopped  agamst  the  end  of  the  bar  to  be 
measured.  This  screw,  being  small  and  very  lightly  hung,  was 
capable  of  agreement  within  the  three  or  four-thousandth  part 
of  an  inch.  On  this  general  principle  Mr.  Smeaton  contrived 
his  pyrometer,  in  which  the  measures  are  determined  by  the 
contact  of  a  piece  of  metal  with  the  point  of  a  micrometer- 
screw. 

The  following  table  shows  how  much  a  foot  in  length  of  each 
metal  grows  longer  by  an  increase  of  heat,  corresponding  to  180® 
of  Fahrenheit's  thermometer,  or  to  the  difference  bjBtween  freez- 
ing and  boiUng  water,  expressed  in  such  parts  of  which  theuoit 
is  equal  to  the  10,000  part  of  an  inch. 

1.  White  glass  barometer  tube,     -     --    -     --     -     100 

2.  Martial  regulus  of  autnnony,         ------130 

3.  Blistered  steel,     --*----.----     138 

4.  Hard  steel, .,,....     147 

5.  Iron,      ---,..•-.---«•     i«fi 


\ 
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•6    Bismuth,    ---- ...^  167 

'  7.  Copper,  hammered,      ^     -      ------  204 

-   8.  Copper  eight  parts,  with  tin  one,       -      -     -     -     -  218 

9.  Cast  brass,       ------------  225 

10.  Brass  sixteen  parts,  with  tin  one,       -----  2'^9 

11.  Brass  wire,      ------------  232 

12.  Speculum  metal,      -      ---------  232' 

13.  Spelter  solder,  viz.  brass  two  parts, ^zinc  one^    -     -  247 

14.  Fine  pewter,       -     -      ---------  074 

15.  Grain  tin,       -      --..--.--^-  29S 

16.  Soft  solder,  viz.  lefid  two,  tin  one,      -     -     t     -     -  301 

17.  Zinc  eight  parts,  with  tin  one,  a  little  hammered,  -  323 

18.  Lead,     -----------^--  344 

19.  Zinc  or  spelter,     -----------  35jj 

20.  Zinc  hammered  half  an  inch  per  foot,      -    -     -    -  373 

M.  de  Luc,  in  consequence  of  a  hint  suggested  to  him  by  the 
late  Mr.  Ramsden,  invented  a  pyrometer,  the  basis  of  which  is  a 
rectangular  piece  of  deal  board  two  feet  and  a  half  long,  15 
inches  broad,  and  one  inch  and  a  half  thick;  and  to  this  all  the 
other  parts  are  fixed.  This  is  mounted  in  the  manner  of  a  table, 
with  four  deal  legs,  each  a  foot  long  and  an  inch  and  a  half  square^ 
well  fitted  near  its  four  angles,  and  kept  together. at  the  other  ends 
by  four  firm  cross  pieces.  This  small  table  is  suspended  by  a  hook 
to  a  stand;  the  board  being  in  a  vertical  situation  in  the  direc- 
tion of  its  grain,  and  bearing  its  legs  forward  in  such  a  manner 
as  that  the  cross-pieces  which  join  them  may  form  a  frame, 
placed  vertically  facing  the  observer*  This  frame  sustains  a 
microscope,  which  is  firmly  fixed  in  another  frame,  that  moves 
in  the  former  by  means  of  grooves,  but  with  a  very  considerable 
degree  of  tightness;  the  friction  of  which  may  be  increased  by 
the  pressure  of  four  screws.  The  inner  sliding  frame,  which 
is  likewise  of  deal,  keeps  the  tube  of  the  microscope  in  a  hori- 
zontal position,  and  in  great  part  without  the  frame,  insomuch 
tliat  the  end  which  carries  the  lens  is  but  little  within  the  space 
between  the  fr^me  and  the  board.  This  microscope  is  con- 
structed in  such  a  manner  as  that  the  object  observed  may  be 
an  inch  distant  from  the  lens;  and  it  has  a  wire  which  is  situated 
in  the  focus  of  the  glasses,  in  which  the  objects  appeared  re- 
versed. At  the  top  of  the  apparatus  there  is  a  piece  of  deal, 
an  inch  and  a  half  thick  and  two  inches  broad,  laid  in  a  hori- 
zontal direction  from  the  board  to  the  top  of  the*  frame.  To 
^his|>iece  the  rods  of  the  different  substances,  whose  ex pansipo 
))y  heat  is  to  be  measured,  are  suspended:  one  end  of  it.slidet 
into  a  socket,  which  is  cut  in  the  thickness  of  the  board;  and 
the  other  end,  which  rests  upoa  the  frame,  meets  there  \yith 
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m  9crew  ivhidi  makes  die  piece  move  backward  wi  foralrc^  li^ 
bring  tbe  objects  to  the  focns  of  the  microscope.  There  19  9 
cork  very  strongly  driyeu  through  a  hole  hore4  v^rticallj  throotfh 
tills  piece  j  and  in  another  vertical  hole  made  throti^  tfie  conc^ 
ihe  rod^  are  fixed  ^t  the  top;  so  that  they  hang  only,  and  the^ 
dilatation  is  not  counteracted  by  any  pressure.  Jo  order  to  heaJt 
the  rods,  a  .cylindrical  bottle  of  thin  slass,  about  2 1  inches  hirii. 
^nd  four  inches  in  diameter,  is  pfaced  in  the  inside  of  m^ 
machine,  upon  a  stand  independent  of  the  rest  of  the  apparatus. 
In  this  bottle  the  rods  are  suspended  at  a  little  less  thaii  an  inci^ 
distance  from  one  of  the  insides,  in  order  to  have  dieQi  near  th^ 
Jhicroscope.  Into  it  is  poured  water  of  different  d^rees  of 
beat,  which  must  be  stirred  about,  by  moving  upwards  ftnd 
downwards,  at  one  of  the  sides  of  the  bottle,  a  little  piece  of 
wood,  fastened  horizontally  at  the  end  of  a  stick :  in  this  water 
ia  hung  a  thermometer,  the  ball  of  which  reaches  to  the  middl^ 
eit  the  height  of  the  rods.  During  these  operations  tlie  water 
rises  to  the  cork,  which  thus  determines  the  length  of  the  heated 
part;  the  bottle  is  covered,  to  prevent  d^e  water  from  poolii^ 
too  rapidly  at  the  surface ;  and  a  thin  case  of  brass  prevents  t|i^ 
▼apour  from  fixing  upon  the  piece  of  deal  to  which  the  rods  arQ 
jExed. 

The  late  Mr.  Ferguson  also  invented  t;^o  pyroiQetens,  def 
•ciiptions  and  figures  of  which  are  given  in  his  liectures. 

Mr.  Wedgwood,  the  ingenious  manufacturer  of  the  finesjt 
earthenware  frpm  basaltic  masses,  or  terra  cotta,  has  contrived  ^ 
curious  pyrometer:  he  employs  small  cubes  of  dry  clay;  becaus^ 
that  species  of  earth  has  the  remarkable  property  of  contracting 
in  its  bulky  when  submitted  to  the  fire,  and  not  again  expanding 
on  suddenly  exposing  it  to  the  cold  air.  In  ordei*  to  ascertain 
the  precise  degree  of  heat  in  an  oven,  he  puts  one  of  his  clay* 
cubes  into  it;  and,  after  having  acquired  die  temperatttre  of  th# 
{Jace,  he  immediately  plunges  it  into  cold  water.  Now,  tbe 
•ize  of  the  cube  (that  was  exactly  adjusted  to  half  an  inch 
square)  is  measured  between  two  brass  niles,  the  sides  of  whid^ 
are  somewhat  obliquely  disposed,  so  as  to  form  an  inclioii^ 
groove,  into  which  the  cube  may  be  slidden.  In  proportion  as 
the  bulk  of  the  latter  has  been  contracted  by  heat,  it  passes 
down  deeper  between  the  scales,  on  which  thp  various  degrees 
#f  temperature  have  been  previously  marked.  Thus,  when  the 
division  of  the  scale  commences  from  the  point  of  red  heat  ti* 
iible  in  dayJi^t,  and  the  whole  range  is  divided  into  MQ 
equal  parts,  it  will  be  found  that  Swedish  copper  melts  at  ui; 
gold  at  32;  iron  at  from  130  to  150  degrees :  above  this  poiftt^ 
the  cubes  could  not  be  heated.  But  if  one  of  diese  clay  squares 
be  put  into  an  oven  where  odier  materiahusnch  as  Ivead,  cartheiw 
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t¥tt«9  otc.  are  to  be  bslked,  they  maj  be  usefully  employed,  for 
tegolating  the  necessary  degree  of  heat. 

M.  Fourmy  has  lately  given,  in  the  Journal  des  Mines,  a 
paper  "  On  the  Thermometers  of  baked  Earths,  termed  Py-« 
fometers;*'  in  which  he  shews  that  the  effect  of  shrinking; 
4tpon  which  Wedgwood's  pyrometer  is  founded,  does  not  re-^ 
•nk  solely  and  invariably  from  the  cause  to  which  it  is  ascribed; 
lihat  it  is  not  necessarily  proportionate  to  it;  that,  whatever  may 
be  the  graduation  and  the  continuity  of  temperature  applied  to 
an  aluminous  mixt,  its  shrinking  is  not  only  not  necessarily  gra^ 
duated)  or  necessarily  continuous,  but  it  also  does  not  always 
iiecessarily  take  place;  and  therefore  that  a  pyrometer  founded 
upon  such  shrinking  does  not  afford  so  constant  and  accurate  a 
llieasure  for  the  highest  degrees  of  heat,  as  the  dilatation' of  mer«» 
cury  or  of  alcohol  does  for  the  lower,  A  translation  of  Mw 
Fourmy's  observations  is  inserted  in  the  Repertory  of  Arts,  &c, 
JTo.  38.  N.  S. 

RAMSDEN's  Machine /cw  dividing  Mathematicai 
Ikstrumbnts  is  a  useful  invention,  by  which  these  division^ 
can  be  performed  with  exceedingly  great  accuracy,  such  as  would 
formerly  have  been  deemed  incredible.  On  discovering  th« 
method  of  constructing  this  machine,  its  inventor,  Mr,  Jesse 
Ramsden,  received  615/.  from  tlie  commissioners  of  longitude; 
engaging  himself  to  instruct  a  certain  number  of  persons,  not 
exceeding  ten,  in  tife  method  of  making  and  using  this  machine 
from  the  28th  October  1775,  to  28th  October  1777:  also  bind- 
ing himself  to  divide  all  octants  and  sextants  by  the  same 
engine,  at  die  rate  of  three  shillmgs  for  each  octant,  and  six 
ihiTliBgs  for  each  brass  sextant,  with  Nonius's  divbions  to  half- 
minutes,  for  as  long  time  as  the  commissioners  should  think 
proper  to  let  the  engine  remain  in  his  possession.  Of  this  sum 
of  615/.  paid  to  Mr.  Ramsden,  dOO/.  were  given  him  as  a 
reward  for  the  improvement  made  by  him  in  discovenng  the 
engine,  and  the  remahiing  '61 5L  for  his  giving  up  the  property 
of  it  to  the  comrnissioners.  Tlie  following  description  of  the 
engine  is  that  given  upon  oath  by  Mr.  Ramsden  himself. 

**  This  engine  consists  of  a  large  wheel  of  bell-metal,  sup- 
ported on  a  mahogany  stand,  having  three  legs,  which  are 
strongly  connected  together  by  braces,  so  as  to  make  it  per- 
fectly steady.  On  each  leg  of  the  stand  is  placed  a  conical 
friction- pulley,  whereon  the  dividing  wheel  rests:  to  prevent  (he 
wheel  from  sliding  off  the  friction-pidleys,  the  bell-metal  centre 
under  it  turns  in  a  socket  on  the.  top  of  the  stand. 

**  The  circunaferencc  of  the  wheel  is  ratched  or  cut  (by  a 
method  which  mH  be  described  hereafter)  into  2160  teeth^  itt 
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,whicb  an  endless  screw  acts.  Six  revolutions  of  the  screw  will- 
move  the  wheel  a  space  equal  to  one  degree. 

"Now  a  circle  of  brass  being  fixed  on  the  screw  arbor, 
having  its  circumference  divided  into  60  parts,  each  division  will- 
consequently  answer  to  a  motion  of  the  wheel  of  10  seconds,  six. 
of  them  will  be  equal  to  a  minute,  &,c. 

"  Several  different  arbors  of  tempered  steel  are  truly  ground 
into  the  socket  in  the  centre  of  the  wheel.  The  upper  parts  of 
the  arbors  that  stand  upon  the  plane  are  turned  of  various  sizes^ 
to  suit  the  centres  of  different  pieces  of  work  to  be  divided. 

*'  When  any  instrument  is  to  be  divided,  the  centre  of  it  is 
very  exactly  fitted  on  one  of  these  arbors ;  and  the  instrument  is. 
fi^ed  down  to  the  plane  of  the  dividing  wheel,  by  means  of 
screws,  which  fit  into  holes  made  in  the  radii  of  the  wheel  foe 
that  purpose. 

"  The  instrument  being  thus  fitted  on  the  plane  of  the  wheel, 
the  frame  which  carries  the  dividing  point  is  connected  at  one 
end  by  finger  screws  with  the  frame  which  •  carries  the  end- 
less screw;  while  the  other  end  embraces  that  part  of  the  steel 
arbor  which  stands  above  the  instrument  to  be  divided,  by  an  an- 
gular notch  in  a  piece  of  hardened  steel :  by  this  means  both  end» 
of  the  frame  are  kept  perfectly  steady,  and  free  from  any  shake* 

"  The  frame  carrying  the  dividing-point  or  tracer  is  made  to 
slide  on  the  frame  which  carries  the  endless  screw  to  any  dis- 
tance from, the  centre  of  the  wheel  as  the  radius  of  the  instru-. 
meut  to  be  divided  may  require,  and  may  be  there  fastened  by 
tightening  two  clumps ;  and  the  dividing-point  or  tracer  being 
connected  with  the  clumps  by  the  double-jointed  frame,  admits 
a  free  and  easy  motion  towards  or  from  the  centre  for  cutting, 
the  division?,  without  any  lateral  shake. 

^^  From  what  has  been  said,  it  appears  that  an  instrument 
thus  fitted  on  the  dividing-wheel  may  be  moved  to  any  angle  by, 
the  screw  and  divided  circle  on  its  arbor,  and  that  this  angle 
may  be  marked  on  the  limb  of  the  instrument  with  the  greatest 
exactness  by  the  dividing-point  or  tracer,  which  can  only  move 
in  a  direct  line  tending  to  the  centre,  and  is  altogether  freed 
from  those  inconveniences  that  attend  cutting  by  means  of  a 
straight  edge.  ITiis  method  of  drawing  lines  will  also  prevent 
any  error  that  might  arise  from  an  expansion  or  contraction  o£ 
the  metal  during  the  time  of  dividing. 

"  The  screw  frame  is  fixed  on  the  top  of  a  conical  pillar, 
which  turns  freely  round  its  axis,  and  also  moves  freely  towards^ 
or  from  the  centre  of  the  wheel,  so  that  the  screw-frame  may^ 
be  entirely  guided  by  the  frame  which  connects  it  with  the 
centre :  by  this  means  any  eccentricity  of  the  wheel  and  ther 
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arbdr  would  not  produce  any  error  in  the  dividing ;  and  by  a 
particular  contrivance  (which  will  be  described  hereafter),  the 
efcrew  when  pressed  against  the  teeth  of  the  wheel  always  moves 
parallel,  to  itself;  so  that  a  line  joining  the  centre  of  the  arbor 
and  the  tracer  continued  will  always  make  equal  angles  with  the 
screw. 

"  Fig.  !•  in  PL  XXVI,  represents  a  perspective  view  of  the 
engine. 

"  Fig.  2.  in  PL  XXVII.  is  a  plan,  of  which  fig.  3.  represents 
a  section  on  the  line  11  A. 

"  The  large  wheel  a  is  't5  inches  in  diameter,  and  has  ten 
radii,  each  being  supported  by  edge^bars,  as  represented  in  fig.  3; 
These  bars  and  radii  are  connected  by  the  circular  ring  p,  24« 
inches  in  diameter  and  3  deep ;  and,  for  greater  strength,  the 
whole  is  cast  in  one  piece  in  bell-metal. 

"  As  the  whole  weight  of  the  wheel  a  rests  on  its  ring  B,  the 
edge  bars  are  deepest  where  they  join  it ;  and  from  thence  their 
depth  diminishes,  both  towards  the  centre  and  circumference,  as 
represented  in  fig.  3 . 

"  The  surface  of  the  wheel  A  was  worked  very  even  and 
flat,  and  its  circumference  turned  true.  The  ring  c,  of  fine 
brass,  was  fitted  very  exactly  on  the  circumference  of  the 
wheel;  and  was  fastened  thereon  with  screws^  which,  after 
being  screwed  as  tight  as  possible,  were  well  rivetted.  The 
face  of  a  large  chuck  being  turned  very  true  and  flat  in  the  lathe, 
the  flattened  surface  a  (fig.  3.)  of  the  wheel  was  fastened  against 
it  with  holdfasts ;  and  the  two  surfaces  and  circumference  of 
riie  ring  c,  a  hole  through  the  centre  and  the  plane  part  round 
[b]  it,  and  the  lower  edge  of  the  ring  b,  were  turned  at  the  same 
time. 

"  D  is  a  piece  of  hard  bell-metal,  having  the  hole,  which 
receives  the  steel  arbor  [d],  made  very  straight  and  true.  This 
bell-metal  was  turned  very  true  on  an  arbor;  and  the  face, 
which  rests  on  a  wheel  at  [b],  was  turned  very  flat,  so  that 
the  steel  arbor  [d]  might  stand  perpendicular  to  the  plane  of 
the  wheel:  this  bell-metal  was  fastened  to  the  wheel  by  six 
steel  screws  [1]. 

•  **  A  brass  socket  z  is  fastened  on  the  centre  of  the  ihahogany 
stand,  and  receives  the  lower  part  of  the  bell-metal  piece  d, 
being  made  to  touch  the  bell-metal  in  a  narrow  part  «ear  the  ^ 
mouth,  to  prevent  any  obliquity  of  the  wheel  from  bending  the 
arbor :  good  fitting  is  by  no  means  necessary  here ;  sifice  any 
shake  in  this  socket  \v\W  produce  no  bad  efiect,  aswrill  appear 
hereafter  when  we  desciibe  the  cutting-frame. 

*'  The  wheel  was  then  put  on  its  stand,  die  lower  edge  of  the 
ring  B  (fig.  1,  2,  and  3.)  resting  on  the  circumference  of  three 
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conical  frictioiHpulIejrs  w,  to  facilitate  its  motion  i6w\i  ft$. 
centre.  The  axis  of  bne  of  these  pdlleys  is  in  a  line  jpinif^ 
the  centre  of  the  wheel^  and  the  middle  of  the  endless  screw, 
and  the  other  two  f^aced  so  as  to  be  at  equal  distances  from  each 
other. 

"  (Fig,  1.)  is  a  block  of  wood  strongly  fastened  to  one  of* 
die  legs  of  the  stand ;  the  niece  [g]  is  icreM'ed  to  the  tipper  side 
of  the  block>  and  has  half-holes,  in  which  the  transverse  axis 
E'']  (%•  4*)  turns:  the  half-hdietf  me  kept  together  b;  the 
screws  [i]. 

**  The  lowet  extremity  of  die  conical  piflar  p  (fig.  1  8c  4.) 
terminates  in  a  cylindrical  steel  jHn  [k],  (fig.  4.)  which  passel. 
through  and  turns  in  the  transverse  axis  [h]|  and  is  confined  bj* 
H  diedc  and  screw. 

^^  To  the  upper  end  of  the  conical  pillar  is  fastened  the  frame 
Gy  (fig.  4.)  in  which  the  endless  screw  turns :  the  pivots  of  the 
screw  are  formed  in  the  manner  of  two  frustums  of  cones  joined 
by  a  cylinder^  as  represented  at  x  (fig.  5).  These  pivots  art. 
confined  between  half-poles,  which  press  only  on  the  conical 
parts^  and  do  not  touch  the  cylin3ric  parts :  die  half-holes  are 
kept  together  by  screws  [a]  which  may  be  tightefied  at  any  tine^ 
to  prevent  the  screw  from  shaking  in  the  frame. 

^  On  the  screw-^irbor  is  a  small  wheel  of  brass  k  (fig.  1,  2^ 
4|  5.)>  having  its  outside  edge  divided  into  60  parts,  and  nunwl 
bered  at  every  6  th  division  with  1,  2,  &c.  to  10.  The  motioa 
of  this  wheel  is  shewn  by  the  index  [yj  (fig.  4  &  5.)  on  thet 
icrew-^rame  g. 

^'  H  (fig.  1 .)  represents  a  part  of  the  stand,  having  a  naratlet 
slit  in  the  direction  towards  the  centre  of  the  wheel,  large 
enough  to  receive  the  upper  part  of  the  conical  brass  pillar  p^ 
which  carries  the  screw  and  its  frame  :  and  as  the  resistance, 
when  the  wheel  is  moved  by  tlie  endless-screw,  is  against  the 
side  of  the  slit  H  which  is  towards  the  left  hand,  that  side  of  the 
slit  is  fuced  with  brass,  and  the  pillar  is  pressed  against  it  by  a 
steel  spring  on  the  opposite  side :  by  this  means  the  pillar  is 
strongly  supported  laterally,  and  yet  the  screw  may  be  easily* 
pressed  from  or  against  the  circumference  of  the  wheel,  and  tlie 
pillar  will  turn  freely  on  its  axis  to  take  any  diiection  given  it 
by  tlie  frame  l. 

"  At  each  corner  of  the  piece  r(fig.  4.)  are  screws  [n^  of 
tempered  ^eel,  having  polished  conical  points:  two  of  thenii. 
turn  in  conical  holes  in  the  screw-frame  near  [o],  and  the  points, 
of  the  other  two  screws  turn  in  the  holes  in  the  piece  ^ ;  the 
screws  [p]  are  of  steel,  which  being  tightened,  prevent  the. 
conical  pointed  screws  from  unturning  w^n  the  frame  is 
moved. 
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''  L  (fig.  1^  2,  6.)  is  a  brass  frame,  M'hich  serves  to  connect 
the  endless  screw,  its  frarhe^  8cc.  with  the  centre  of  die  wheel : 
each  arm  of  this  fVame  is  terminated  by  a  steel  screw,  that  int^ 
be  passed  through  any  of  the  holes  [q]  in  the  piece  q  (fig.  4.)i 
as  tne  thickness  of  work  to  be  divided  on  the  wheel  may  require^ 
and  are  fastened  by  the  finger-nuts  [r]  (fig.  1  8c  S.) 

**  At  the  other  end  of  this  frame  is  a  fiat  piece  of  tempered 
steel  [b]  (fig.  6.),  wherein  is  an  angular  notch :  when  the  endleM* 
screw  is  pressed  against  the  teeth  of  the  circumference  of  the 
wheel,  which  may  be  done  by  turning  the  finger-screw  s 
(fig.  1  &  2.)  to  press  asainst  the  spring  [tl,  this  notch  embraced 
and  presses  against  the  steel  arbor  [d].  This  end  of  the  frame 
may  be  raised  or  depressed  by  moving  die  prismatic  slide  [n] 
(fig.  2.)  which  may  be  fited  at  any  height  by  the  fbuf  steel- 
screws  [v]  (fig.  1,  2,  6.). 

^  The  bottom  of  this  slide  has  a  notch  [k]  (fig.  1  8c  6.),  whos^ 
plane  b  parallel  to  the  endless-screw ;  and  by  die  point  df  tfad 
arbor  [d]  (fig.  3.)  resting  in  this  notch,  this  end  of  the  frame  is 
prevented  firam  tilting.  The  screw  s  (fig.  1,  2.)  is  prevented 
from  untumingy  by  tightening  the  finger-nut  [w]. 

^  The  teedi  on  the  circumference  of  die  wheel  were  cut  by 
the  following  method : 

**  Having  considered  what  number  of  teeth  on  the  circum- 
ference would  be  modt  convenient,  which  in  this  engine  is  2160, 
or  360  multiplied  by  6, 1  made  two  screws  of  the  same  dimen- 
sions, of  tempered  steel,  in  the  manner  hereafter  described,  die 
interval  between  the  threads  being  such  as  I  knew  by  calculation 
would  come  within  the  limits  of  what  might  be  turned  ofi^  the 
circumference  of  the  wheel :  one  of  these  screws,  which  was  in- 
tended for  ratching  or  cutting  the  teeth,  was  notched  across  the 
threads,  so  that  the  screw,  when  pressed  against  the  edge  of  the 
wheel  and  turned  round,  cut  in  the  manner  of  a  saw.  Then 
having  a  segment  of  a  circle  a  little  greater  than  60  degrees,  of 
about  the  same  radius  with  the  wheel,  and  the  circumference 
made  true,  from  a  very  fine  centre,  I  described  an  arch  near  the 
edge,  and  set  off  the  chord  of  60  degrees  on  this  arch.  This 
segment  was  put  in  the  place  of  the  wheel,  the  edge  of  it  was 
ratched,  and  me  number  of  revolutions  and  parts  of  the  sci^ew 
contained  betwisen  the  interval  of  the  60  degrees  were  counted. 
The  radius  was  corrected  in  the  proportion  of  360  revolutions, 
wluch  ought  to  have  been  in  60  degrees,  to  the  number  actually 
found;  and  the  radius,  ^o  corrected,  was  taken  in  a  pair  of 
beam-compassed :  while  the  wheel  was  on  the  lathe,  one  foot  of 
the  compasses  was  put  in  the  centre,  and  with  the  other  a  circle 
was  described  on  the  ring ;  then  half  the  depdi  of  the  threads 
of  the  screw  being  taken  m  dividers,  was  set  from  this  circle 

VOL.  II.  z 
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outwards,  and  another  circle  was  described  cutting  this  point; 
ft  hollow  was  then  turned  on  the  edge  of  the  wheel  of  the  same 
curvature  as  that  of  the  screw  at  the  bottom  of  the  threads :  the 
bottom  of  this  hollow  was  turned  to  the  same  radius  or  distance 
from  the  centre  of  the  wheel,  as  the  outward  of  the  two  circles 
before  mentioned. 

^'  The  wheel  was  now  taken  off  t£e  lathe ;  and  the  belUmetal 
piece  D  (fig.  3.)  was  screwed  on  as  before  directed,  which  after 
this  ought  not  to  be  removed. 

'*  From  a  very  exact  centre  a  circle  was  described  on  the 
rmg  c  (fig.  i,  %  3.)  about  ^  of  au  inch  within  where  the  bot- 
tom of  the  teeth  would  come.  This  circle  was  divided  with  the 
greatest  exactness  I  was  capable  of,  first  into  five  parts,  and 
each  of  these  into  three.  These  parts  were  then  bbected  four 
times :  (that  is  to  say),  supposing  the  whole  circumference  of 
the  wheel  to  contain  2160  teeth,  this  being  divided  into  five 
parts,  each  would  contain  432  teeth ;  which  being  divided  into 
three  parts,  each  of  them  would  contain  144;  and  this  space 
bisected  four  times  would  give  72, 36, 1 8,  and  9 :  therefore  eacb 
of  the  last  divisions  would  contain  nine  teeth.  But,  as  I  was 
apprehensive  some  error  might  arise  from  quinquesection  and 
trisection,  in  order  to  examine  the  accuracy  of  the  {divisions,  I 
described  another  circle  on  the  ring  c  (fig.  7.)  ^  inch  within 
the  former,  and  divided  it  by  continual  bisections,  as  2 160,  lOSi), 
540,  270,  135,  67^,  and  33J;  and  as  the  fixed  wire  (to  be  de- 
scribed presently)  crossed  both  the  circles,  I  could  examine 
their  agreement  at  every  1 35  revolutions ;  (after  ratching,  <:ould 
examine  it  at  every  33  j-) :  but,  not  finding  any  sensible  difference 
between  the  two  sets  of  divisions,  I,  for  ratching,  made  choice 
of  the  former;  and,  as  the  coincidence  of  the  fixed  wire  with  an 
intersection  could  be  more  exactly  determined  than  with  a  dot 
or  division,  I  therefore  made  use  of  intersections  in  both  circles 
before  described. 

"  The  arms  of  the  frame  l  (fig.  7.)  were  connected  by  a 
thin  piece  of  brass  of  ^  of  an  inch  broad,  having  a  hole  in  the 
middle  of  A  of  au  inch  in  diameter ;  across  this  hole  a  silver 
wire  was  fixed  exactly  in  a  line  to  the  centre  of  the  wheel :  the 
coincidence  of  this  wire  with  the  intersections  was  examined 
by  a  lens  A  inch  focus,  fixed  in  a  tube  which  was  attached  to 
one  of  the  arms  l*.  Now  a  handle  or  winch  being  fixed  on 
the  end  of  the  screw,  the  division  marked  10  on  the  circle  K 
was  set  to  its  index,  and,  by  means  of  a  clamp  and  adjusting- 
screw  for  that  purpose,  the  intersection  marked  1  on  the  circle 

•  The  intersectionji  are  marked  for  the  sake  of  illastration,  thoogh  pro- 
perly invisible,  ihey  lying  under  the  brass  plate. 
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c  was  set  exactly  to  coincide  iivith  the  fixed  wire ;  the  screw 
was  then  carefully  pressed  against  the  circumference  of  the 
wheel,  by  turning  the  finger-screw  s ;  then,  removing  the  clamp, 
I  turned  the  screw  by  its  handle  9  revolutions,  till  the  intersec- 
tion marked  240  came  nearly  to  the  wire ;  then,  untuming  the 
finger-screw  s,  I  released  the  screw  from  the  wheel,  and  turned 
Ae  wheel  back  till  the  intersection  marked  2  exactly  coincided 
with  the  wire ;  and,  by  means  of  the  clamp  before  mentioned, 
the  division  10  on  the  circle  being  set  to  its  index,  the  screw  was 
pressed  against  the  edge  of  the  wheel  by  the  finger-screw  s ; 
the  clamps  were  removed,  and  the  screw  turned  nine  revolu- 
tions till  the  intersection  marked  1  nearly  coincided  with  the 
fixed  wire ;  the  screw  was  released  from  the  wheel  by  untuming 
the  finger-screw  s  as  before ;  the  wheel  was  turned  back  till  the 
intersection  3  coincided  with  the  fixed  wire;  the  division  10  on 
die  circle  being  set  to  its  index,  the  screw  was  pressed  against 
die  wheel  as  before,  and  the  screw  was  turned  9  revolutions,  till 
the  intersection  2  nearly  coincided  with  the  fixed  wire,  and  the 
screw  was  released ;  and  I  proceeded  in  this  manner  till  the  teeth 
were  marked  round  the  whole  circumference  of  the  wheel.  This 
was  repeated  three  times  round,  to  make  the  impression  of  the 
screw  deeper.  I  then  ratched  the  wheel  round  continually  in 
the  same  direction  without  ever  disengaging  the  scnew;  and, 
in  retching  the  wheel  about  300  tiniies  round,  the  teeth  were 
finished. 

"  Now  it  is'evident,  if  the  circumference  of  the  wheel  was 
even  one  tooth  or  ten  minutes  greater  than  the  screw  would 
require,  this  error  would  in  the  first  instance  be  reduced  to 
yJtj-  part  of  a  revolution,  or  two  seconds  and  a  half;  and  these 
errors  or  inequalities  of  the  teeth  were  equally  distributed  round 
the  wheel  at  the  distance  of  nine  teeth  from  each  other.  Now, 
as. the  screw  in  ratching  had  continually  hold  of  several  teeth 
at  the  same  time,  and  these  constantly  changing,  the  above- 
mentioned  inequalities  soon  corrected  themselves,  and  the  teeth 
were  reduced  to  a  perfect  equality.  The  piece  of  brass  which 
carries  the  wire  \i^s  now  taken  away,  and  the  cutting-screw  was 
also  removed,  and  a  plain  one  (hereafter  described)  put  in  its 
place :  on  one  end  of  the  screw  is  a  small  brass  circle,  having  its 
edge  divided  into  60  equal  parts,  and  numbered  at  every  sixth 
division,  as  before  mentioned.  On  the  other  end  of  the  screw 
is  a  ratchet-wheel  c,  having  60  teeth,  covered  by  tlte  hollowed 
circle  [d]  (fig.  6.)>  which  carries  two  clicks  that  catch  upon  the 
opposite  sides  of  the  ratchet  when  the  screw  is  to  be  moved 
forwards.  The  cylinder  s  turns  on  a  stmng  steel  arbor  f, 
which  passes  through  and  is  firmly  screwed  to  the  piece  Y  :  this 
piece^  for  greater  firmness,  is  attached  to  the  screw-frame  g 

z2 
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Jifig.  4.)  by  the  braces  [v] :  a  apiral  groove  or  thread  U  cat  on 
.the  outaide  of  the  cylinder  a,  which  aervea  both  for  holding  the 
atrittgy  and  also  giving  motion  to  the  kver  j  on  its  centre  by 
.means  of  a  steel  too£  [n],  that  works  between  the  tlu*eads  of 
the  spiral.  To  the  lever  is  attached  a  strong  steel  pin  [m],  on 
^hich  a  brass  socket  [r]  turns :  this  socket  passes  through  a  slit 
in  the  piece  [p]»  and  may  be  tightened  in  ai^  part  of  the  slit  by 
die  finger-nut  [f]  :  this  piece  serves  to  regulate  the  number  of 
revolutions  of  the  screw  for  eadi  tread  of  the  treadle  b. 

'^  T  (fig*  I  •)  >s  ^  brass  box  containing  a  spiral  spring ;  a  strong 
f  ttt  is  fastened  and  turned  three  or  four  times  round  the  cir* 
cnmference  of  this  box ;  ^he  gut  then  passes  several  timias  round 
th6  cylinder  »» and  from  thence  down  to  the  treadle  b  (fig.  1.). 
JdTow^  when  the  treadle  is  pressed  down,  the  string  pulls  the 
jcyliiider  s  round  its  axis,  and  the  clicks  catching  hold  of  the 
teeth  on  the  ratchet  carry  the  screw  round  with  it,  till,  by  the 
tooth  [n]  working  in  the  spiral  groove,  the  lever  j  (fig*  4.)  is 
brought  near  the  wheel  [dj,  and  the  cylinder  stopped  by  the 
f»crew-head  [x]  striking  on  the  top  of  the  lever  J ;  at  the  same 
time  the  spring  is  wound  up  by  the  odier  epd  of  the  gut  passing 
round  the  box  T  (fig.  1.).  Now,  when  die  foot  is  tidcen  off  the 
treadle,  the  spring  unbending  itself  pulls  back  the  cyUnder,  the 
clicks  leaving  the  ratchet  and  screw  at  rest  till  the  piece  [t] 
strikes  on  the  end  of  the  piece  [p]  (fig.  1.) :  the  number  of  re- 
volutions of  the  screw  at  each  tread  is  limited  by  die  number 
of  revolutions  the  cylinder  is  idlowed  to  turn  back  before  the 
stop  strikes  on  the  piece  [p]. 

*^  When  the  endlessr'screw  was  moved  round  its  axis  vnth*a 
considerable  velocity,  it  would  continue  that  motion  a  little  after 
the  cylinder  s  (fig.  1.  and  4.)  was  stopped ;  to  prevent  this,  the 
angular  lever  r^  was  made ;  that  when  the  lever  j  comes  near  to 
stop  the  screw  [x],  it,  by  a  small  chamfer,  presses  down  the 
piece  X  of  the  angular  lever ;  this  brings  the  other  end  i^  of  the 
same  lever  forwards,  and  stops  the  endless-screw  by  the  steel 
pin  fi  striking  upon  the  top  of  it :  the  foot  of  the  lever  is  raised 
again  by  a  small  spring  pressing  on  the  brace  [v]. 

'^  B,  two  clamps,  connected  by  the  piece  a,  slide  one  on  each 
arm  of  the  frame  l  (fig.  1,  2,  6.),  and  may  be  fixed  at  pleasure 
by  the  four  finger-screws  s,  which  press  against  steel  springs  to 
avoid  spoiling  the  arms :  the  piece  [q]  is  made  to  turn  without 
shake  between  two  conical  pointed  screws  [f],  which  are  pra-<- 
vented  from  untuming  by  tightening  the  finger-nuts  k. 

*^  The  piece  m  (fig.  6.)  is  made  to  turn  on  the   piece 
[q],  by  the  conical  pointed  screws  [s]  resting  in  the  hoUow 
centres  [e], 
'^  As  there  is   frequent  occasion  to  cut  divisions  on  inclined 
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planes^  for  that  purpose  the  piece  y,  in  which  the  tracer  is  fixed, 
has  a  conical  axis  at  each  end,  which  turn  in  half  holes :  ishen 
the  tracer  ia  ^et  to  any  inclination,  it  may  be  fixed  there  by 
tightening  the  steel  screws  fi. 

^  Bescriptien  of  the  Engine  hy  which  the  Endless-screw  of  the 

Dtoiding-enginewas  cut. 

^'  Fig*  9.  represents  this  engbe  of  its  full  dimensions  seen 
fromf  one  side, 

**  Fig.  8.  the  upper  side  of  the  same  aa  seen  from  above. 

'^  A  represents  a  triangular  bar  of  steel,  to  which  the  trian- 
gular holes  in  the  pieces  B  and  c  «re  accurately  fitted^  and  may 
be  flexed  on  any  part  of  the  bar  by  the  screws  d. 

''  £  is  a  piece  of  steel  whereon  the  screw  is  intended  to  be 
ci)t ;  which,  after  being  hardened  and  tempered,  has  its  pivots 
turned  in  the  form  of  two  frustums  of  cones,  as  represented  in 
the  drawii^s  of  the  dividing-engine  (fig.  5. ).  These  pivots  were 
exactly  fitted  tQ  the  half-holes  f  and  t,  which  were  kept  to 
gather  by  the  screws  sb. 

''  H  represents  a  screw  of  untempere|]  steel,  having  a  pivot  r, 
which  turns  in  the  hole  k.  At  the  other  end  of  the  screw  is  a 
hollow  centre,  which  receives  the  hardened  conical  point  of  the 
sfteel  pin  h.  When  this  point  is  sufiiciendy  pressed  against  ^ 
screw,  to  prevent  its  shaking,  the  steel  pin  may  be  fixed  by 
ti|^teniiig  the  screws  y. 

^  N  is  a  cyliqdric  nut,  moveable  on  the  screw  h  ;  which,  to 
prevent  aoy  shake,  may  be  tightened  by  the  screws  o.  This 
imt  is  connected  with  the  saddle-piece  p  by  means  of  the  inter- 
aiediate  universal  joint  w,  through  which  the  arbor  of  the  screw 
H  passes.  A  front  view  of  this  piece,  witli  a  section  across  the 
screw-arbor,  is  represented  at  x.  This  joint  is  connected  with 
the  nut  by  means  of  two  steel  slips  s,  which  turn  on  pins 
between  the  cheeks  x  on  the  nut  n.  The  other  ends  of  these 
slips  s  turn  in  like  manner  on  pins  (a).  One  axis  of  this  joint 
ti^riis  in  a  hole  in  the  cock  (b),  which  is  fixed  to  the  s»ddle^ 
nioce ;  and  the  other  turns  in  a4iole  (d),  made  for  that  purpose 
na^  the  same  piece  on  which  the  cock  (b)  is  fixed.  By  this 
means,  when  the  screw  is  turned  round,  the  saddle-piece  will 
slide  uniformly  along  the  triangular  bar  a. 
.  ''  K  is  a  small  triangular  bar  of  well^tempered  steel,  which 
slide>  iM  a  <rroove  of  the  same  form  on  the  saddle- piece  v.  The 
PQifit  o<  this  bar  or  c>itter  is  formed  to  the  shape  of  the  thread 
intended  to  be  cut  on  the  endless-screw.  When  the  cutter  is 
set  to  take  proper  hold  of  the  intended  screw,  it  may  be  fixed 
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by  tighteiUDg  the  screvi's  (e)^  which  press  the  two  pieces  of  brass 
G  upon  it. 

'*  Having  measured  the  circumference  of  the  dividing-wheel, 
I  found  it  would  require  a  screw  about  one  thread  in  a  hundred 
coarser  than  the  guide-screw  h.  The  wheels  on  the  guide- 
screw  arbor  h^  and  that  on  the  steel  e,  on  which  the  screw  was 
to  be  cut^  were  proportioned  to  each  other  to  produce  that 
effect,  by  giving  the  wheel  l  198  teeth,  and  the  wheel  q  .200, 
These  wheels  communicated  with  each  other  by  means  of  the 
intermediate  wheel  b,  which  also  served  to  give  the  threads  on 
the  two  screws  the  s^me  direction. 

.  '^  The  saddle-piece  p  is  con6ned  on  the  bar  a  by  means  of 
the  pieces  (g),  and  may  be  made  to  slide  with  a  proper  degree 
of  tightness  by  the  screws  (n)/' 

For  other  excellent  observations  and  directions  relative  to  the 
dividing  of  instruments,  see  Mr.  Smeaton's  paper  containing  ian 
account  of  Mr.  Hindley's  method,  Phil.  Trans,  vol.  Ixxvi.  or 
New  Abridgement,  vol.  xvi.  p.  30 — 66,  and  the  papers  of  Mr. 
Troughton,  Mr.  H.  Cavendish,  and  Professor  Lax,  in  Phil, 
2\ans.  for  1 809,  abridged  in  the  Retrospect  of  PhiL  and  Mech. 
Discoveries,  No.  23. 

REVERSING  of  motion  s,  contrivances  for.  We  do  not 
here  mean  to  speak  of  alternating  or  reciprocating  motions  after 
intervals  of  short  continuance,  those  being  already  treated  of  in 
the  introductory  part  of  this  volume,  also  under  the  title  PAR^ii- 
LEL  motions f  besides  that  they  occur  incidentally  in  the  separate 
descriptions  of  several  machines.  We  shall  now  mention  some 
methods  of  reversing  motions  after  much  longer  intervals ;  as 
in  the  case  of  drawing  up  buckets  from  wells  or  mines,  where 
^o  change  of  direction  may  be  required  for  several  minutes;  or 
in  different  kinds  of  mill-work,  where  the  direction  may  not  be 
changed  for  some  hours. 

Contrivances  to  effect  such  reversion  of  motion  are  very 
numerous ;  but  almost  all  of  them  may  be  reduced  to  two 
general  methods  :  for  the  required  change  is  generally  produced 
either  by  making  two  equal  pinions  on  one  and  the  same  axis 
take  alternately  into  the  teeth  of  those  parts  of  a  larger  wheel 
which  are.  nearly  diametrically  opposite ;  or,  by  means  of  an 
additional  wheel  which  may,  as  the  practical  mechanics  term 
it,  be  thrown  in  and  out  of  gear  alternately. 

In  many  engines  for  drawing  buckets  out  of  mines  that  are 
moved  by  horties,  the  motiou  is  frequently  reversed  by  turning 
round  the  animal,  and  causing  him  to  retrace  his  steps  and 
draw  the  contrary  way :.  but  this  is  found  very  injurious  to  the 
hoise,  a  circumstance  which  has  frequently  led  to  the  adoption 
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of  other  methods.  In  Enierson's  Mechanics  a  simple  conr 
trivance  is  described^  consisting  merely  of  a  horizontal  face- 
wheel  upon  the  same  vertical  shaft  as  the  horsepole  is  attached 
to,  and  two  equal  pinions  upon  th^  same  axle  as  carries  the 
drum  or  barrel  on  which  the  rope  winds.  The  axle  which 
carries  the  drum  and  pinions  is  fixed  horizontal ly,  a  little  above 
a  diameter  of  the  face- wheel;  and  first  one  and  then  the  other 
of  the  pinions  is  made  to  be  driven  by  that  wheel ;  thus,  mani- 
festly^ reversing  the  motion  as  required.  There  are  two 
methods  of  attaching  these  pinions  to  the  axle^  and  making 
them  to  be  acted  upon  by  the  face- wheel :  in  one  of  them,  the 
pinions  are  fastened  upon  the  axle  at  a  distance  from  each  other 
exceeding  the  diameter  of  the  face-wheel  only  3  or  4  inches ; 
then,  the  axle  being  moved  horizontally  through  this  small 
idistance  brings  fifst  one  and  then  the  other  pinion  into  contact 
with  the  wheel  at  opposite  extremities  of  a  diameter,  and  thus 
changes  the  direction  of  the  motion ;  but  this  method  is  at- 
tended with  the  disadvantage  of  having  often  to  move  a  heavy 
weight  with  the  horizontal  axle,  besides  that  there  is  much 
danger  of  breaking  the  teeth  of  the  pinions  and  wheel  when 
they  first  come  to  embrace  each  other.  In  the  second  method, 
the  lanterns  or  pinions  both  turn  constantly  with  the  face-wheel, 
but  they  play  freely  upon  their  common  axle,  except  they  are 
stopped  by  a  pin  which^jres  them  ;  the  application  of  such  pin 
to  first  the  one  and  then  the  other  of  the  lanterns  produces  the 
alternating  motion  as  proposed. 

M.  Prony  has  two  contrivances  for  reversing  the  motion  in 
horse-whims,  without  changing  that  of  the  animal :  in  both  of 
which,  however,  the  general  principle  is  the  same  as  that 
adopted  by  Mr.  Emerson.  In  the  first  a  horizontal  wheel, 
toodied  at  its  face,  lay  just  above  two  vertical  pinions,  fixed  on 
the  opposite  extremities  of  an  axis  of  the  length  of  its  diameter. 
This  wheel  was  so  contrived  as  to  incline  a  little  from  its  hori- 
zontal position  to  either  side  at  pleasure ;  so  that  on  the  one 
inclination  its  teeth  locked  with  those  of  one  pinion,  and 
receded  from  the  other ;  and  on  the  other  position,  its  operation 
on  the  pinions  was  reversed :  by  which  the  axis  of  the  pinions 
turned  round  first  in  one  direction,  and  afterwards  in  the 
contrary. 

M.  Prony,finding  this  method  subject  to  some  inconveniences, 
contrived  the  following,  which  he  esteems  much  superior  to 
it.  An  horizontal  wheel,  toothed  at  its  face,  and  attached  t6 
a  perpendicular  arbor  (which  gives  it  motion),  turns  two 
pinions,  moveable  on  the  same  axis,  which  it  meets  at  the 
opposite  sides  of  its  circumference :  these  pinions  are  not 
attached  to  the  axis,  but  turn  round  freely  upon  it:  the  intei- 
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mediate  part  of  the  axis  is  square^  and  has,  adjoioing  to  each 
piniqn,  boxes  \vhich  slide  back  and  forwards  on  it,  each  of 
which  support  a  faced  wheel,  with  strong  serrated  teeth ;  the 
serration  being  in  a  different  direction  on  the  opposite  wheels : 
the  boxes  are  connected  by  two  iron  bars,  so  as  to  change  their 

Silaces  by  one  movement ;  to  the  pinionij  there  are  also  serrated 
aced  wheels  attached,  so  as  to  lock  on  those  o)[>posite  to  them 
on  the  sliding  boxes.  From  this  construction  it  follows,  that 
when  the  boxes  are  slidden  to  one  extremity  of  the  axis,  the 
pinion  at  that  side  will  be  connected  with  the  axle,  and  com- 
municate its  motion  to  it  in  one  direction ;  and  when  the  boxes 
are  fnoved  to  the  other. ex tremity,  then  the  first  pinion  will  be 
disengaged,  and  the  second  be  locked  to  the  axle,  and  cause  it 
to  turn  round  in  a  direction  the  reverse  of  that  in  which  it 
moved  before.  There  is  a  lever  on  another  axle,  whose  office 
is  to  niove  the  before-mentioned  boxes  backwards  and  forwards: 
an  ar^i  projects  from  the  axis,  which  moves  between  two  pieces, 
proceeding  from  the  frame  connected  with  the  boxes :  the  lever 
rises  upwards,  and  has  a  weight  ^t  its  top,  by  which  it  presses 
strouKlv  in  either  direction,  when  it  passes  the  perpendicular 
position ;  forming  thus  the  contrivance  vidgarly  called  a  tum- 
bling-bob, which  is  used  in  various  ensmes  for  a  similar  pur- 
pose. Upon  the  same  axle  on  which  the  pinions  move  is  fos- 
tened  a  driim-wheei,  round  which  passes  the  chain  or  cord  to 
which  the  buckets  are  attached ;  another  chain  or  cord  is  placed 
below  the  buckets,  from  the  bottom  of  one  to  that  of  the  other, 
to  form  an  equilibrium  between  the  whole  oj[  the  appendage  of 
one  bucket  and  that  of  the  other  in  all  positions.  A  bar  is  so 
placed,  that,  on  one  of  the  buckets  rising  to  a  certain  height,  it 
catches  the  bar,  forces  it  upw  ards,  and  thereby  throws  over  the 
tumbling-bob  connected  with  its  other  extremity:  this  re- 
ver^es  the  movement  of  the  buckets ;  and,  on  the  otiier  bucket 
rising,  it  operates  in  the  same  way  on  another  lever,  which 
throws  the  bob  to  the  other  side,  and  causes  the  iirst  bucket  to 
rise,  again. 

M.  Propy  has  annexed  a  contrivance  to  this  engine  by  which 
the  horse  that  puts  it  in  motion  is  disengaged  when  any 
accident  happens,  which  would  tend  to  stop  the  movement  of 
the  wheels :  for  this  purpose  the  traces  pass  under  two  pulleys  in 
the  ends  of  the  }oke;  and  their  extremities,  which  have  loops 
wrought  tn  them,  are  alternately  attached  to  two  pins  in  a  roller, 
round  wliich  a  cord  is  wound  two  or  three  turns,  and  passes 
from  thence  through  rings  in  the  lever,  which  causes  the  arbor 
to  revolve,  and  over  a  pulley  on  the  arbor  to  a  weight  which 
h?.ngs  bebide  it.  When  the  draught  exceeds  this  weight,  it  is 
evident  the  roller  vriD  be  drawn  round  by  the  traces,  and  that 
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they  wiU  alip  off  the  pina,  and  be  dbengi^ed  duriDg  the  first 
revolution. 

The  method  of  reversing  motion  by  causing  pinions  to  be 
operated  upon  by  the  opposite  parts  of  a  face-wheel,  has  been 
loDg  known  and  practised  by  millwrights;  and  they  have  various 
contrivances  for  performing  the  alternation,  as  by  levers,  screws^ 
tumblii^-bobsy  8lc.  One  of  these  will  be  illustrated  by  a 
figure,  when  we  come  to  the  article  ti d  E-niill.  And  for  several 
methods  of  reversing  motions,  sjee  pi.  XXXVIII.  and  XX  XIX.  • 

As  to  the  second  general  method,  it  has  perhaps  an  ap* 
pearance  of  greater  simplicity ;  though^  when  reduced  to  prac<- 
tice,  it  is  commonly  found  more  expensive  than  the  former* 
Suppose  that  while  the  horizontal  wheel  A  (iig.  2.  pi.  XX VIII.) 
continues  to  turu  always  one  way,  it  is  required  to  have  the 
horizontal  wheel  b  turn,  sometimes  in  one  direction,  and  some- 
times in  another :  by  means  of  an  additional  wheel  c,  equal  in 
diameter  and  number  of  teeth  (supposing  the  velocities  in  both 
directions  to  be  equal),  this  may  be  accomplished,  thus :  Let 
the  two  wheels  b  and  c  have  the  lower  pivots  of  their  axles 
resting  in  boxes  or  cases  that  may  be  moved  up  and  down  by 
means  of  screws ;  and,  while  the  wheels  a  and  b  are  nearly  of 
equal  thicl^ness,  let  the  wheel  c  be  somewhat  more  than  double 
the  thi<;:kiiess  of  either :  when  the  motion  of  the  wheel  b  is  to 
be  in  a  contrary  direction  to  that  of  A,  let  the  wheel  c  be 
lowered  so  much  that  its  teeth  play  neither  into  those  of  A  nor 
B,  while  the  teeth  of  a  take  into  those  of  B  and  drive  it  round  : 
when,  on  the  contrary,  b  is  to  be  moved  in  tlie  same  direction 
as  A,  let  the  wheel  u  be  lowered  till  its  teeth  do  not  come  into 
contact  with  those  of  a,  and  let  c  be  raised  until  the  upper 
parts  of  its  teeth  take  between  those  of  the  wheel  a,  while  the 
lower  parts  of  other  teeth  play  into  the  teeth  b  ;  so  shall  the 
rotation  of  b  have  the  direction  required.  If  the  motion  of  the 
wheel  A  were  sometimes  iu  one  direction  and  sometimes  in 
anotht  r,  the  motion  ol'  b  might  all  along  be  preserved  in  one 
direction,  by  the  occasional  application  of  q  as  an  intermediate 
wheel. 

Reg  l  l  at  ok  of  descending  motion  s*     See  Hardie'j  Crane. 

Rotatory  motion,  when  produced  by  a  reciprocating 
motion,  requires  some  contrivance  to  render  it  uniform,  or 
nearly  so.  1  he  usual  method  of  equalizing  is  by  attaching  a 
fly  wheel  to  some  part  of  the  machinery :  but  Mr.  Arthur 
Woolf  has  invented  an  apparatus  to  be  substituted  for  the  fly  in 
steam  engine.s,  which  possesses  the  advantage  of  equalizing  the 
motion,  wjth  the  property  of  being  stopped  and  stt  to  work  at 
any  part  of  the  stroke. 

Plate  XXIII.  fig.  4.  a  represents  part  of  the  engine-beam ; 


346  MACHINES. 

B  the  connectiug-rod ;  c  the  crank-arm;  b  a  cog«-wheel^  work- 
ing into  another  cog-wheel  e,  of  half  the  size ;  f  a  crank-arm 
on  the  shaft  of  th^  small  wheel ;  g  a  cylinder  closed  at  bottom,, 
in  which  a  solid  or  unperforated  piston  moves,  leaving  a  vacuum 
beneath.  This  acts  simply  instead  of  a  weight  on  the  crank  f, 
by  the  constant  pressure  of  the  atmosphere  ^  and  the  diameter 
of  the  piston  must  be  such  as  nearly  to  equal  one-third  of  the 
power  of  the  engine. 

In  fig.  5.  the  outer  circle  is  the  line  described  by  the  crank; 
the  circumference  of  the  inner  circle  is  equal  to  twice  the 
diameter  of  the  out6r,  and  the  square  has  the  same  circum- 
ference :  this  last  exhibits  the  inequality  still  remaining,  which 
by  this  method  is  reduced  to  about  one  fifth ;  but  by  the  assist- 
ance of  a  small  fly  on  the  second  motion,  the  effect  will  become 
nearly  the  same  as  that  of  a  rotative  engine  with  the  advantages 
here  mentioned. 

The  same  motion  may  be  applied  to  a  pump,  but  in  this  case 
the  two  cranks  must  be  horizoutal  at  the  same  time.  (Nich. 
Jour.  No.  23.  N.  S.) 

SAWMILLS,  constructed  for  the  purpose  of  sawing  either 
timber  or  stone,  are  moved  by  animals,  by  water,  by  wind,  or  by 
steam.  They  may  be  distinguished  into  two  kinds :  those  in 
which  the  motion  of  the  saws  is  reciprocating,  and  those  in 
which  the  saws  have  a  rotatory  motion.  In  either  case  the 
researches  of  theorists  have  not  yet  turned  to  any  account :  in- 
stead, therefore,  of  giving  any  uncertain  theory  here,  we  shall 
proceed  to  the  descriptive  part,  and  refer  those  who  wish  to  ^ee 
some  curious  investigations  on  this  subject  to  a  Memoir  on  the 
Action  of  Saws,  by  Euler,  in  Mem.  Acad.  Roy.  Berlin,  1756*. 

Reciprocating  sawmills  for  cutting  timber  and  moved  by 
water,  do  not  exhibit  much  variety  in  their  construction.  The 
sawmill  represented  in  pi,  XXVIII.  is  taken  from  Gray's 
Experienced  Millwright;  but  it  only  differs  in  a  few  trifling 
particulars  from  some  which  are  described  in  Belidor's  Archi- 
tecture Hydraulique,  and  in  Gallon's  Collection  of  Machines 
approved  by  the  French  Academy. 

1 .  The  plate  just  referred  to  shews  the  elevation  of  the  mill. 
A  A  the  shaft  or  axle,  upon  which  is  fixed  the  wheel  bb  (of 
17  J  or  18  feet  diameter),  containing  40  buckets  to  receive  the 
water  which  impels  it  round,  cc  a  wheel  fixed  upon  the  same 
shaft  containing  96  teeth,  to  drive  the  pinion  No.  2.  having  22 
teeth,  which  is  fastened  upon  an  iron  axle  or  spindle,  having 
a  coupling  box  on  each  end  that  turns  the  cranks,  as  dd, 
round :  one  end  of  the  pole  £  is  put  on  the  crank,  and  its  other 
end  moves  on  a  joint  or  iron  bolt  at  f,  in  the  lower  end  of  the 
frame  gg.     The  crank  dd  being  turned  round  id  the  pole  e, 
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moves  the  frames  gg  up  and  down,  and  these  having  saws  in 
them,  by  this  motion  cut  the  wood.  The  pinion.  No.  2.  may 
work  two,  three,  or  more  cranks,  and  thus  move  as  many  frames 
of  saws.  No:  3,  an  iron  wheel  having  angular  teeth,  which  one 
end  of  the  iron  k  takes  hold  of,  while  its  other  end  rolls  on  a 
bolt  in  the  lever  hh.  One  end  of  this  lever  moves  on  a  bolt 
at  i,  the  other  end  may  lie  in  a  notch  in  the  frame  gg  so  as  to 
be  pushed  up  and  down  by  it.  Thus  the  catch  K  puib  the 
wheel  round,  while  the  catch  l  falls  into  the  teeth  and  prevents 
it  from  gomg  backwards.  (See  Universal  leyeb.)  Upon  the 
axle  of  No.  3.  is  also  fixed  the  piuion'No.  4.  taking  into  the 
teeth  in  the  under  edge  of  the  iron  bar,  that  is  fastened  upon 
the  frame  tt,  on  which  the  wood  to  be  cut  is  laid :  by  this 
mean  the  frame  tt  is  moved  on  its  rollers  ss,  along  the  fixed 
frame  uu  ;  and  of  course  the  wood  fastened  upon  it  is  brought 
forward  to  the  saws  as  they  are  moved  up  and  down  by  reason 
of  tlie  turning  round  of  the  crank  dd.  vv,  the  machine  and 
handle  to  raise  the  sluice  when  the  water  is  to  be  let  upon  the 
wheel  BB  to  give  it 'motion.  By  pulling  the  rope  at  the  longer 
arm  of  the  lever  m,  the  pinion  No.  2.  is  put  into  the  hold  or 
grip  of  the  wheel  cc,  which  drives  it ;  and  by  pulling  the 
rope  R,  this  pinion  is  cleared  from  the  wheel.  No.  5.  a  pinion 
containing  24  teeth,  driven  by  the  wheel  cc,  and  having  upon 
its  axle  a  sheave,  on  which  is  the  rope  pp,  passing  to  tht-  sheave 
No.  6.  to  turn  it  round ;  and  upon  its  axle  is  fixed  the  pinion 
No.  7.  acting  on  the  teeth  in  an  iron  bar  upon  the  frame  tt, 
to  roll  that  frame  backwards  when  empty.  By  pulling  the  rope 
at  the  longer  arm  of  the  lever  n,  the  pinion  No.  5.  is  put  into 
lh6  hold  of  the  wheel  cc ;  and  by  pulling  the  rope  o  it  is 
taken  oflFthe  hold.  No.  8.  a  wheel  fixed  upon  the  axle  No.  9. 
having  upon  its  periphery  angular  teeth,  into  which  the  catch 
No.  10.  takes ;  and  being  moved  by  the  lever  attached  to  the 
upper  part  of  the  frame  G,  it  pushes  the  wheel  No.^8.  round  ; 
and  the  catch  No.  1 1 .  falls  into  the  teeth  of  the  wheel,  to  pre- 
vent it  from  going  backwards  while  the  rope  rolls  in  its  axle, 
and  drags  the  logs  or  pieces  of  wood  in  at  the  door  y,  to  be  laid 
upon  the  moveable  frames  tt,  and  carried  forward  to  the  saws 
to  be  cut.  The  catches  No.  10.  11.  are  easily  thrown  out  of 
play  when  they  are  not  wanted.  The  gudgeons  in  the  shafts, 
roands  of  the  cranks,  spindles,  and  pivots,  should  all  turn  round 
in  cods  or  bushes  of  brass,  z,  a  door  in  one  end  of  the  mill- 
house  at  which  the  wood  is  conveyed  out  when  cut.  ww, 
walls  of  the  mill-house,  qq,  the  couples  or  framing  of  the  roof. 
XXX,  8cc.  windows  to  admit  light  to  the  house. 

A  plan  of  this  mill  is  given  in  pi.  43  of  Mr.  Gray's  book. 

2.  Sawmills  for  cutting  blocks  of  stone  are  generally,  though 
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not  always^  moved  horizontally :  the  horizontal  alternate  motion 
may  be  communicated  to  one  or  more  saws^  by  means  of  a 
rotatory  motion,  either  by  the  use  of  i;ranks,  8cc.  or  in  some 
such  way  as  the  following.  Let  the  horizontal  wheel  abhc 
(fig.  3.  pi.  XX.)  drive  the  pinion  op^,  this  latter  carrying  a 
vertical  pin  p,  at  the  distance  of  about  -f  of  the  diameter  from 
the  centre.  This  pinion  and  pin  are  represented  separately  in 
No.  2.  of  fig.  3.  Let  the  frame  wstv^  carrying  four  saws, 
marked  1,  2^  3,4^  have  wheels  v^t^w^w^  each  running  in  a 
groove  or  rut,  whose  direction  is  parallel  to  the  proposed 
direction  of  the.  saws :  and  let  a  transverse  groove  ^r,  whose 
length  is  double  the  distance  of  the  pin  p  from  the  centre  of  die 
pinioi)^  be  cut  in  the  saw  frame  to  receive  that  pin.  Then^^  as 
the  great  wheel  revolves^  it  drives  the  pinion^  and  carries  round 
the  pin  p :  and  this  pin,  being  compelled  to  shde  in  the  straight 
sroove  PR,  while  by  the  rotation  of  the  pinion  on  which  it  is 
fixed  its  distance  from  the  great  wheel  is  constantly  varying,  it 
causes  the  whole  saw  frame  to  approaoh  to  and  recede  from  die 
great  w  heel  alternately,  while  the  grooves  in  which  the  wheel? 
run  confine  the  frame  so  as  to  move  in  the  llirection  t/,  w. 
Other  blocks  of  stone  may  be  sawn  at  the  same  time  by  the 
motion  of  the  great  wheel,  if  other  pinions  and  frames  running 
off  in  the  directions  of  the  respective  radii  eb,  £A,  ec,  be 
worked  by  the  teeth  at  the  quadrantal  points  b,  a,  and  c.  Apd 
the  contrary  efforts  oi  these  four  frames  and  pinions  will  tend  to 
soften  down  the  jolts,  and  equalize  the  whole  motion. 

The  same  contrivance,  of  a  pin  fixed  at  a  suitable  distance 
from  the  centre  of  a  wheels  and  sliding  in  a  groove,  may  sfrve 
to  convert  a  reciprocating  into  a  rotatory  motion  ;  but  it  will 
not  be  preferable  to  the  .common  conversion  by  means  of  a 
crank. 

3.  When  saws  are  used  to  cut  blocks  of  stone  into  pieces 
having  cylindrical  surfaces,,  a  small  addition  is  made  to  the 
appar^us.  See  figs.  8,  9.  pi.  XX.  The  saw,  instead  of  foeiqg 
allowed  to  fall  in  a  vertical  groove  as  it  cuts  the  block,  is 
attached  to  a  lever  or  beam  fg,  sufficiently  strong ;  this  lever 
has  several  holes  pierced  through  it,  and  so  has  the  vertical 
piece  £D,  w  hich  is  likewise  moveable  towards  either  side  of  the 
frame  in  grooves  in  the  top  and  bottom  pieces  al,  om.  Thus, 
the  length  kg  of  the  radius  can  be  varied  at  pleasure,  tQ  suit  the 
curvature  of  n  o  ;  and  as  the  saw  is  moved  to  and  fro  by  proper 
machinery,  in  the  direction  cb,  bc,  it  works  lower  and  lower 
into  the  block,  while,  being  confined  by  the  beam  fo,  it  cuts 
the  cylindrical  portion  from  the  block  p,  as  required. 

Wlien  a  completely  cylindrical  pillar  is  to  be  cut  out  of  one 
block  of  stone,  the  first  thing  will  be  to  ascertain  in  the  block 


Sawmills.  349 

the  position  of  the  axis  of  die  cylinder :  then  lay  the  block  so 
that  such  axis  shall  be  parallel  to  the  horizon,  and  let  a  cylin- 
drical' hole  of  from  one  to  two  inches  diameter  be  bored 
enCiivly  through  it.  Let  an  iron  bar,  whose  diameter  is  rather 
leas  than  that  of  this  tube,  be  put  through  it,  having  just  room 
10  slide  freely  to  and  fro  as  occasion  may  require.  Each  end  of 
this  bar  should  terminate  in  a  screw,  on  which  a  nut  and  framd 
naCf  be  fastened :  the  nut  frame  should  carry  three  flat  pieces  of 
wood  or  iron,  each  having  a  slit  running  along  its  middle  nearly 
from  one  end  to  the  other,  and  a  screw  anui  handle  must  be 
adapted  to  each  slit :  by  these  means  the  frame*work  at  each 
end  of  the  bar  may  readily  be  so  adjusted  as  to  form  equal 
isosceles  or  equilateral  triangles ;  the  iron  bar  will  connect  two 
cdnreaponding  angles  of  these  triangles,  the  saw  to  be  used  two 
other  corresponding  angles,  and  another  bar  of  iron  or  of  wood 
the  two  remainii^  angles,  to  give  sufficient  strength  to  the  wh<4e 
frame.  This  construction,  it  is  obvious,  will  enable  the  work* 
men  to  place  the  saw  at  any  proposed  distance  from  the  hole 
drilled  through  the  middle  of  the  block ;  and  then,  by  giving  the 
alternating  motion  to  the  saw  frame,  the  cylinder  may  at  lei^th 
be  cut  from  the  block,  as  required.  This  method  was  first 
pointed  out  in  the  Collection  of  Machines  approved  by  the  Paris 
academy. 

If  it  were  proposed  to  saw  a  conic  frustum  from  such  a 
block,  then  let  two  framee  of  wood  or  iron  be  fixed  to  those 
parallel  ends  of  the  block  which  are  intended  to  coincide  with 
the  bases  of  the  frustum,  circular  grooves  being  previoudiy  cut 
in  these  frames  to  corr^pond  with  the  circumferences  of  the 
two  ends  of  the  proposed  frustum ;  the  saw  being  worked  in 
these  grooves  will  manifestly  cut  the  conic  surface  from  the 
hlock.  This,  we  believe,  is  the  contrivance  of  sir  George 
Wright. 

1%e  best  method  of  drilling  the  hole  through  die  middle  of 
the  proposed  cylinder  seems  to  be  this :  on  a  carriage  ruttning 
upon  four  low  wheels  let  two  vertical  pieces  (each  having  a 
hole  just  large  enough  to  admit  the  borer  to  play  freely)  be 
fiiced  two  or  tlu*ee  feet  asunder,  and  so  contrived  that  the  pieces 
and  holes  to  receive  the  borer  may,  by  screws,  8cc.  be  raised  or 
lowered  at  pleasure,  while  the  borer  is  prevented  from  sliding 
te  ^md  fro  by  shoulders  upon  its  bar,  which  are  larger  than  the 
holes  in  the  vertical  pieces,  and  which,  as  the  borer  revolve, 
press  against  those  pieces :  let  a  part  of  the  boring  bar  between 
the  two  vertical  pieces  be  square,  and  a  grooved  wheel  with  a 
square  hole  of  a  suitable  size  be  placed  upon  this  part  of  the 
bar;  then  the  rotatory  motion  may  be  given  to  the  bar  by  an 
endless  band  which  shall  pass  over  this  grooved  wheel  and  a 
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wheel  of  a  much  larger  diameter  in  the  same  plaiie^  the  latter 
wheel  being  turned  by  a  winch  handle  in  the  usual  way.  As 
the  boring  proceeds,  the  carriage  with  the  borer  may  be  brought 
nearer  and  nearer  the  block,  by  levers  and  weights,  in  the  same 
manner  as  is  described  under  the  article  boring  ofoHDVkVCZ* 

4.  Circular  saws,  acting  not  by  a  reciprocating,  but  hy  t 
rotatory,  motion,  have  been  long  known  in  Holland,  where  they 
are  used  for  cutting  wood  wanted  in  veneering.  They  were  intro- 
duced into  this  country,  we  believe,  by  general  Bentham,  and 
are  now  used  in  the  dock-yard  at  Portsmouth,  the  Royal  AraeoA, 
Woolwich,  and  in  a  few  odier  places :  but  they  are  not,  as  yet, 
so  generally  adopted  as  might  be  wished,  considering  kow  well 
they  are  calculated  to  abridge  labour,  and  to  accomplish  widi 
expedition  and  accuracy  what  is  very  tedious  and  irksome  to 
perform  in  the  usual  way.  Circular  saws  may  beonade  to  turn 
either  in  horizontal,  vertical,  or  inclined,  plaQps  \  and  the  timber 
to  be  cut  may  be  laid  upon  a  plane  inclined  in  any  direction; 
so  that  it  may  be  sawn  by  lines  making  any  angle  whatever,  ^or 
at  any  proposed  distance  from  each  other.  When  the  saw'^is 
fixed  at  a  certain  angle,  and  at  a  certain  distance  from  the  edge 
of  the  frame,  all  the  pieces  will  be  cut  of  the  same  size,  without 
marking  upon  them  by  a  chalked  line,  merely  by  causing  tbem 
to  be  moved  along  and  keeping  one  side  in  contact  with  the  side 
of  the  frame ;  for  then,  as  they  are  brought  one  by  one  to  touch 
the  saw  revolving  on  its  axle,  and  are  pressed  upon  it,  they  are 
SQon  cut  through. 

Mr.  Smart,  of  Ordnance  Wharf,  Westminster-bridge,  has 
several  circular  saws,  all  worked  by  a  horse  in  a  moderate  sized 
walk :  one  of  these,  intended  for  cutting  and  boring  tenons  usied 
in  this  gentleman's  hollow  masts,  is  represented  in  fig.  2. 
pi.  XXVI.  NOPQR  is  a  hollow  frame,  under  which  is  part 
of  the  wheel-work  of  the  horse-miU. — a,  b,  d,  c,  e,  f,  are 
pulleys,  over  which  pass  straps  or  endless  bands,  the  parts  of 
which  out  of  sight  run  upon  the  rim  of  a  large  vertical  wheel : 
Jby  means  of  this  simple  apparatus,  the  saws  s,  s^  are  made  to 
revolve  upon  their  axles  with  an  equal  velocity,  the  same  band 
passing  round  the  pulleys  d,  c,  upon  those  axles;  and  the 
rotatory  motion  is  given  to  the  borer  G  by  the  band  passing  over 
the  pulley  a.  The  board  i  is  inclined  to  the  horizon  in  an 
anglle  of  about  30  degrees  ;  the  plane  of  the  saw  s^  is  parallel  to 
that  of  the  board  i,  and  about  ^  of  an  inch  distant  from  it,  while 
tlie  plane  of  the  saw.  s  is  vertical,  and  its  lowest  point  at  the 
same  distance  from  the  board  i.  Each  piece  of  wood  k  out  of 
which  the  tenon  is  to  be  cut  is  4  inches  long,  an  inch  and  a 
quarter  broad,  and  ^  of  an  inch  thick.  One  end  of  such  piece 
is  latid  so  as  to  siidt^  along  the  ledge  at  the  lower  part  of  the 
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beard.  I ;  and, as  it  is  pushed  on,  by  means  of.  the  handle  h^  it  is 
first  cut  by  the  saw  s',  and  immediately  after  by  the  saw  s : 
after  this  the  other  end  is  put  lowest,  and  the  piece  is  again  cut 
by  both  saws :  then  the  tenon  is  applied  to  the  borer  g,  and 
as  soon  as  a  hole  is  pierced  through  it,  it  is  dropped  into  the 
box  beneath.'  By  this  process,  at  least  30  tenons  may  be  com- 
pleted in  a  minute,  with  greater  accuracy  than  a  man  co^ild 
make  one  in  a  quarter  of  a  hoiu*,  witli  a  common  hand-saw  and 
gimblet.  The  like  kind  of  contrivance  may,  by  slight  alterations, 
be  fitted  for  many  other  purposes,  particularly  all  such  as  may 
require  the  speedy  sawing  of  a  great  number  of  pieces  into 
exactly  the  same  size  and  shape.  A  very  great  advantage  at- 
tending this  sort  of  machinery  is,  that,  when  once  the  position 
of  the  saws  and  frame  is  adjusted,  a  common  labourer  may  per- 
form the  business  just  as  well  as  the  best  workman. 

Mr.  Brunei,  a  well-known  civil  engineer,  took  out  a  patent 
for  saw-machinery,  in  May,  1805.  The  following  is  an 
abridgement  of  his  specification.  The  saws  are  circular,  and 
turn  upon  an  axis  passing  through  their  centre.  Whjen  they 
are  too  large  to  be  made  with  sufficient  strength  of  only  one 
piece  of  steel,  they  may  be  constituted  of  two,  four,  eight.  Sec. 
pieces,  and  the  joining  edge  of  one  plate  must  be  hollow,  to  re- 
ceive the  sharp  edge  of  that  which  is  to  be  fitted  into  it.  To 
augment  the  strength  of  the  plates,  flanches  may  be  closely 
fitted  to  them,  several  pieces  of  leather  or  of  paper  being  inter- 
posed, by  means  of  which  and  screws  duly  applied,  the  whole 
nuu^be  made  very  firm  and  strong. 

The  improvements  in  the  machinery  for  sawing  timber  easily 
and  expeditiously  consist  in  the  modes  of  laying  aad  holding 
the  piece  of  wood  in  the  carriage  or  drag,  in  the  facility  of 
^hiftiqg  the  saw  from  one  cut  to  another,  and  in  the  practica- 
bility of  sawing  both  ways  either  towards  or  from  the  saw  or 
saws. 

Each  circular  saw  is  adjusted  upon  a  cylindrical  spindle, 
which  turns  within  rodings ;  the  motion  being  communicated 
by  means  of  a  strap  or  band  turning  about  a  proper  druni- 
wbeel,  and  moved  by  any  of  the  usual  actuating  powers,  as 
wind,  water,  steam,  animals,  See.  The  piece  of  timber  being 
placed  upon  a  drag  or  carriage,  is  held  fast  by  means  of  clamps; 
and  the  carriage  is  moved  towards  and  from  the  saw  by  a  handle 
or  crank  communicating,  by  the  assistance  of  cog  wheels,  to  a 
pinion  which  engages  in  a  horizontal  rack  running  under  the 
frame  of  the  carriage.  This  carriage  is  furnished  with  rollers 
servins  to  ease  its  longitudinal  motion,  and  is  intended  to  be 
moved  by  hand,  so  that  its  velocity  may  be  varied  at  pleasure : 
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the  length  of  this  carmge  mtist  obviously  be  proportidnate  to 
die  size  of  the  timber  gettemlly  cut  by  the  saw. 

After  the  saw  has  performed  one  cut,  instend  of  moving  the 
timber^  the  saw  itself  is  movigd  sidewise^  that  is^  in  tbe  direction 
of  its  axle,  by  means  of  screws^  after  a  method  which  may  be 
easily  conceived^  till  it  is  brought  to  tbe  proper  position  for  the 
next  Cut;  when  Hn  adjusting  or  fixing  scirew  prevents  any  lateral 
motion,  and  die  rotary  motion  of  the  saW,  and  the  rectilinear 
motion  of  the  wood,  may  be  resumed. 

Circular  wedges  are  used,  being  intended  to  revolve  by  die 
motion  of  the  log  to  follow  the  cut  opened  by  the  saw,  and  by 
that  means  to  ease  the  friction,  and  steady  the  piece  of  timber. 
Sometimes  an  instrument  composed  of  several  partaiUel  plates  of 
metal  may  be  emplo}'ed  instead  of  the  circular  wedges.l 

When  several  sawis  are  adjusted  on  one  spindle,  a  piece  of 
tfmber  may  be  converted  into  planics  by  being  drawn  once 
dirough  under  the  saws.  In  that  case  the  flanches  of  tbe  satvs 
are  fixed  upon  an  iron  drum,  and  kept  firmly  in  dieir  r^ative 
parallel  positions  by  four  bcdts.  In  order  to  lower  the  saw^  as 
they  M'ear  away,  the  side  rails  sustaining  dieir  axles  may  be  de- 
pressed by  means  of  wedges.  The  log  of  wood  is  not  to  lie 
close  upon  the  carriage  or  drag,  but  upon  some  trtinsverse 
pieces,  which  may  be  moved  if  requisite  when  they  come  near 
die  sa^. 

dome  very  complete  and  esttensive  saw-mills  have  been  re« 
ctotly  erected  by  Mr.  Brunei,  in  the  Carriage  Department  of 
the  Royal  Arsenal,  Woolwich,  under  the  superintendance  of 
Major  General  Cuppage  and  Colonel  Miller. 

Among  the  numerous  purposes  for  which  saws  are  employed, 
is  that  of  cutting  off  the  tops  of  piles.  When  these  ar^  below 
water,  some  additional  mechanism  is  necessary  to  cause  the 
saws  tt>  work  in  a  horizontal  plane  at  a  suitable  depth.  2>if- 
ferent  contrivances  for  this  purpose,  with  illustrative  engravings, 
tre  described  byM.  Hachette,lVa«7^de*MacA?/itfs,  p.  252—275. 
^  SCAPEMENT,  from  the  French  word  echappement,  a  term 
Itted  among  clock  and  watch-'mSkers,  to  denote  the  general 
contrivance  by  which  the  pressure  of  the  wheels,  which  ndove 
alWavs  in  one  direction,  and  the  reciprocating  motion  of  the 
bendiilum  or  balance,  are  accommodated  the  one  to  the  other. 
When  a  tooth  of  a  wheel  has  given  the  balance  or  pendulum  a 
motion  in  one  direction,  it  must  quit  it,  that  it  may  get  an  im- 
pulsion in  the  opposite  direction ;  and  it  is  this  escaping  of  the 
tooth  of  the  wheel  from  the  balance  or  pendulum,  or  of  t)ie 
latter  from  the  former,  whichever  we  please  to  call  it,  that  has 
given  mt  to  the  general  term. 
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From  the  nature  of  a  pendulnmy  it  follows,  that  it  need  only 
to  be  removed  from  the  vertical,  and  then  let  go,  in  order  to 
vibrate  and  measure  time.  Hence  it  might  seem  that  nothing 
is  wanted  but  a  machinery  so  connected  with  the  pendulum  as 
to  keep  a  register,  as  it  were,  of  the  vibration.  It  could  not  be 
difficult  to  contrive  a  method  of  doing  this ;  but  more  is  wanted : 
the  air  must  be  displaced  by  the  pendulum.  This  requires 
some  force,  and  must  therefore  employ  some  part  of  the  mo^ 
roentum  of  the  pendulum.  The  pivot  on  which  it  swings  occa* 
sions  friction — the  thread,  or  thin  piece  of  metal  by  which  it  is 
hnng,  in  order  to  avoid  this  friction,  occasions  some  expenditure 
of  force  by  its  want  of  perfect  flexibility  or  elasticity.  These, 
and  other  causes,  make  the  vibrations  become  more  and  more 
narrow  by  degrees,  till  at  last  the  pendulum  is  brought  to  rest. 
We  must,  of  course,  have  a  contrivance  in  the  wheel  work  which 
will  restore  to  the  pendulum  the  small  portion  of  force  which 
it  loses  in  every  vibration.  The  action  of  the  wheels  therefore 
may  be  called  a  maintaining  power,  because  it  keeps  up  the  vi- 
brations. But  this  may  affect  the  regularity  of  vibration.  If  it 
be  supposed  that  the  action  of  gravity  renders  all  the  vibrations 
isochronous,  \ve  must  grant  that  the  additional  impulsion  by 
the  wheels  will  destroy  that  isochronism,  unless  it  be  so  appliM 
that  the  sum  total  of  diis  impulsion  and  the  force  of  gravity  may 
vary  so  with  the  situation  of  the  pendulum  as  still  to  give  a 
series  of  forces,  or  a  law  of  variation,  perfectly  similaf  to  that 
of  gravity.  This  cannot  be  effected,  unless  we  know  both  the 
law  which  regulates  the  action  of  gravity,  producing  isochronism 
of  vibration,  and  thp  intensity  of  the  force  to  be  derived  from 
the  wheels  in  every  situation  of  the  pendulum. 

Thus  it  appears  that  considerable  s(:ientific  skill  as  well  as 
mechanical  ingenuity  may  be  displayed  in  the  construction  of 
scapements;  and  the  judicious  consideration  of  them  becomes 
of  great  importance  to  the  artist :  yet,  notwithstanding  this,  no 
material  improvement  was  made  in  them  from  the  first  appli- 
cation of  the  pendulum  to  clocks  till  the  days  of  Mr.  George 
Graham;  nothing  more  was  attempted  before  his  time  than  to 
apply  the  impulse  of  the  swing-wheel,  in  such  manner  as  was 
attended  with  the  least  friction,  and  would  give  the  greatest 
motion  to  the  pendulum.  Dr.  Halley  discovered,  by  some 
ekperiments  made  at  the  Royal  Observatory  at  Greenwidi, 
that  by  adding  more  weight  to  the  pendulum  it  was  made  to 
vibrate  larger  arcs,  and  the  clock  went  faster ;  by  diminishing 
the  weight  of  the  pendulum,  the  vibrations  became  shorter,  and 
the  clock  went  slower ;  the  result  of  these  experiments  being 
diametrically  opposite  to  what  ought  to  be  expected  from  the 
theory  of  the  pendulum,  probably  first  roused  the  attention  of 
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Mr.  Graham,  who  was  not  only  skilful  in  practice,  but  fa^d 
much  mathematical  knowledge,  and  was  well  qualified  t(5 
examine  the  subject  scientifically :  he  soon  made  such  further 
trials  as  convinced  him,  that  this  seeming  paradox  was  occa- 
sioned by  the  retrograde  motion,  which  was  given  to  the  swing- 
wheel  by  every  construction  of  scapement  that  ,was  at  that  time 
in  use ;  and  his  great  sagacity  soon  produced  a  remedy  for  this 
defect,  by  constructing  a  scapement  which  prevented  all  recoil 
of  the  wheels,  and  restored  to  the  clock  pendulum,  wholly  in 
theory,  and  nearly  in  practice,  all  its  natural  properties  in  its 
detached  simple  state.  This  scapement,  with  a  few  others  of 
the  most  approved  construction,  will  now  be  briefly  described. 
1.  The  scapement  which  has  been  in  use  for  clocks  and 
watches  ever  since  their  first  appearance  in  Europe  is  extremely 
simple ;  and  its  mode  of  operation  is  too  obvious  to  need  much 
explanation.  In  fig.  1.  pi.  XXIX.  xy  represents  a  horizontal 
axis,  to  which  the  pendulum  P  is  attached  by  a  slender  rod,  or 
otherwise.  This  axis  has  two  leaves  c  and  d  attached,  one 
near  each  end,  and  not  in  the  same  plane,  but  so  that  when  the 
pendulum  hangs  perpendicularly,  and  at  rest,  the  piece  c  in- 
clines a  few  degrees  to  the  right  hand,  and  d  as  much  to  the 
left.  They  commonly  make  an  angle  of  from  70  to  90  de- 
grees :  they  are  called  by  the  name  of  pallets,  afb  represents 
a  wheel  turning  round  on  a  perpendicular  axis  eo,  in  the  order 
of  the  letters  afeb.  The  teeth  of  this  wheel  are  cut  into  the 
form  of  the  teeth  of  a  saw,  leaning  forward,  in  the  direction  of 
the  motion  of  the  rim.  As  tbey  somewhat  resemble  the  points 
of  an  old-fashioned  royal  diadem,  this  wheel  has  got  the  name 
of  the  crowjuwheeL  In  watches  it  is  often  called  the  balance' 
wheel.  The  number  of  the  teeth  is  generally  odd ;  so  that  when 
one  of  them  b  is  pressing  on  a  pallet  d,  the  opposite  pallet  c  is 
in  the  space  between  two  teeth  a  and  i.  The  figure  represents 
the  pendulum  at  the  extremity  of  its  excursion  to  the  right 
hand,  the  tooth  a  having  just  escaped  from  the  pallet  c^  and  the 
tooth  B  having  just  dropped  on  the  pallet  d.  It  is  plain^  that  as 
the  pendulum  now  moves  over  to  the  left,  in  the  arch  po,  the 
tooth  B  continues  to  press  on  the  pallet  d,  and  thus  accelerates 
the  pendulum,  both  during  its  descent  along  the  arch  ph^  and 
its  ascent  along  the  arch  hg.  It  is  no  less  evident,  that  when 
the  pallet  D,  by  turning  round  the  axis  xy,  raises  its  point  above 
the  plane  of  the  wheel,  the  tooth  b  escapes  from  it^  and  i  drops 
on  the  pallet  c,  which  is  now  nearly  perpendicular,  i  presses 
c  to  the  right,  and  accelerates  the  motion  of  the  pendulum 
along  the  arch  gp.  Nothing  can  be  m(»«  obvious  than  this 
action  of  the  wheel  in  maintaining  the  vibrations  of  the  pendu- 
lum. We  can  easily  perceive,  also,  that  when  the  pe&dulum  is 
hanging  perpendicularly  in  the  line  xh,  the  tooth  b^  by  press- 
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tug  on  the  pallet  d,  will  force  the  pendulum  a  little  way  to  the 
left  of  the  perpendicular^  and  will  force  it  so  much  the  further 
as  the  pendulum  is  lighter;  and,  if  it  be  sufficiently  light,  it  will 
be  forced  so  far  from  the  perpendicular  that  the  tooth  b  will 
escape,  and  then  i  will  catch  on  c,  and  force  the  pendulum 
back  to  p,  where  the  whole  operation  will  be  repeated.  The 
same  effect  will  be  produced  in  a  more  remarkable  degree,  if 
the  rod  of  the  pendulum  be  continued  through  the  axis  xy^ 
and  a  ball  q  put  on  the  other  end  to  balance  p.  And,  indeed, 
this  is  tha  contrivance  which  was  first  applied  to  clocks  all  over 
Europe,  before  the  application  of  the  pendulum.  They  were 
balance  clocks.  The  force  of  the  wheel  was  of  a  certain  mag- 
nitude, and  therefore  able,  during  its  action  on  a  pallet,  to  com* 
municate  a  certain  quantity  of  motion  and  velocity  to  the  balls 
of  the  balance.  When  the  tooth  B  escapes  from  the  pallet  D, 
the  balls  are  then  moving  with  a  certain  velocity  apd  momentum. 
In  this  condition^  the  balance  is  checked  by  the  tooth  i  catching 
on  the  pallet  c.  But  it  is  not  instantly  stopped.  It  continues 
its  motion  a  little  to  the  left,  and  the  pallet  c  forces  the  tooth  i 
a  little  backward.  But  it  cannot  force  it  so  far  as  to  escape 
over  the  top  of  the  tooth  i ;  because  all  the  momentum  of  the 
balance  was  generated  by  the  force  of  the  tooth  b;  and  the 
tooth  I  is  equally  powerful.  Besides,  when  i  catches  on  c, 
and  c  continues  its  motion  to  the  left,  its  lower  point  applies  to 
the  face  of  the  tooth  i,  which  now  acts  on  the  balance  by  a 
long  and  powerful  lever,  and  soon  stops  its  further  motion  in 
that  direction;  and  now,  continuing  to  press  on  c,  it  urges  the 
balance  in  the  opposite  direction.  Thus  we  see  that  in  a 
scapement  of  this  kind  the  motion  of  the  wheel  must  be  very 
hobbling  and  unequal,  making  a  great  step  forward^  and  a  short 
step  backward,  at  every  beat.  This  has  occasioned  the  con- 
trivance to  get  the  name  of  the  recoiling  scapement,  or  the 
scapement  of'  recoil. 

in  this  scapement  the  vibrations  are  quicker  than  if  the  balance 
or  pendulum  vibrated  freely :  for  the  recoil  shortens  the  ascend- 
ing part  of  the  vibration,  by  contracting  the  extent  of  the  arc, 
and  the  re-action  of  the  wheel  accelerates  the  descendmg  part  of 
the  vibration.  In  this  scapement,  too,  if  the  maintaining  power 
be  increased,  the  vibration  will  be  performed  in  larger  arcs,  but 
in  less  time  :  because  the  greater  pressure  of  the  crown-wheel 
on  the  pallet  will  cause  'the  balance  to  vibrate  thrtjugh  larger 
arches;  and  the  time  will  be  less  increased  on  this  account  than 
it  will  be  diminished  by  the  acceleration  that  pressure  gives  to 
the  balance  and  the  diminution  of  the  time  of  recoil. 

2.  The  preceding  scapement  not  being  well  adapted  to  such 
vibrations  as  are  performed  through  arcs  of  a  few  degrees  only, 
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another  construction  has  been  made  which  has  beeit  in  constant 
use  for  about  a  century  in  clocks^  with  a  long  pendulum  beating 
seconds.  In  fig.  2.  ab  represents  a  vertical  wheel  called  the 
swing-wheel,  having  thirty  teeth.  CD  represents  a  pair  of  pallets 
connected  together,  and  moveable  in  conjunction  with  the  pen- 
dulum on  the  centre  or  axis  f.  One  tooth  of  the  wheel,  as 
shewn  in  the  figure,  rests  on  the  inclined  surface  of  the  inner 
part  of  the  pallet  c;  on  which  its  disposition  to  slide  tends  to 
throw  the  point  of  the  pallet  further  from  the  centre  of  the 
wheel,  and  consequently  assists  the  vibration  in  that  direction. 
While  the  pallet  c  moves  outwards  and  the  wheel  advances, 
the  point  of  the  pallet  d  of  course  approaches  towards  the 
centre  in  the  opening  between  the  two  nearest  teeth;  and  \yhen 
the  acting  tooth  of  the  wheel  slips  off,  or  escapes  from  the 
pallet  c,  another  tooth  on  the  opposite  side  immediately  falls  on 
the  exterior  inclined  fece  of  d,  and  by  a  similar  operation  tenda 
to  |)ush  that  pallet  from  the  centre.  The  returning  vibration  is 
ffius  assisted  by  the  wheel,  while  the  pallet  c  moves  towards  the 
centre,  and  receives  the  succeeding  tooth  of  the  wheel,  after 
the  escape  from  the  point  of  d.  Thus  may  the  alternation  be 
conceived  to  go  on  without  limit. 

In  this  scapement,  as  well  as  the  former,  the  vibrating  part  is 
constantly  under  the  influence  of  the  maintaining  power,  except 
during  the  interval  of  the  drop,  or  actual  escape  of  the  wheel 
from  one  pallet  to  the  other.  One  principal  recommendation 
of  this  scapement  seems  to  have  been  the  facility  with  which  it 
r^ffords  an  index  for  seconds  in  the  face  of  the  clock.  Though 
the  pendulum,  according  to  this  construction,  is  constantly  con- 
nected with  the  maintaining  power  in  a  clock,  yet  the  variations 
of  that  power  have  not  the  same  mischievous  effect  as  in  a 
watch,  because  the  momentum  of  the  pendulum,  compared 
with  the  impulse  of  the  maintaining  power,  is  prodigiously 
greater  in  the  former  of  these  instruments.  A  very  consider- 
able change  in  the  maintaining  power  of  a  clock  with  a  long  pen- 
dulum will  only  cause  a  variation  of  a  few  seconds  in  the  daily 
rate. 

3.  Mr.  Graham's  scapement,  already  spoken  of,  was  a  consi- 
derable improvement  upon  that  just  described.  He  took  off 
part  of  the  slope  furthest  from  the  points  of  the  pallets;  and 
instead  of  that  part  he  formed  a  circular  or  cylindrical  face,  having 
its  axis  in  the  centre  of  motion.  Pallets  of  this  kind  are  shewn 
at  the  lower  part  of  fig.  2.  at  e  and  g,  having  h  for  their  centre 
or  axis.  A  tooth  of  the  wheel  is  seen  resting  upon  the  circular 
inner  surface  of  the  pallet  G,  which  therefore  is  not  affected  by 
the  wheel,  excepting  so  far  as  its  motion,  arising  from  any  other 
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cause,  may  be  affected  by  the  friction  of  the  tooth;  and  this 
resistance  is  exceedingly  minute,  not  amounting  to  one-eighth  of 
the  pressure  on  the  arch.  Nay,  we  think  it  appears  from  the 
experiments  of  Coulomb,  that,  in  the  case  of  such  minute  pres- 
sure on  a  surface  covered  with  oil,  there  is  no  sensible  retarda- 
tion analogous  to  that  produced  by  friction,  and  that  what  retard- 
ation we  observe  arises  entirely  from  the  clanuniness  of  the  oil. 
If  the  vibration  of  the  pendulum  be  supposed  to  carry  o  out- 
wards, the  slope  surface  will  be  brought  to  the  point  of  the 
toodi,  which  will  slide  along  it,  and  urge  the  pallet  outwards 
during  this  sliding  action.  When  the  tooth  has  fallen  from  the 
point  of  this  pallet,  an  opposite  tooth  will  be  received  on  the 
circular  surface  of  e,  and  will  not  affect  the  variation,  except- 
ing when  the  slope  surface  of  e  is  carried  out  so  as  to  suffer  the 
tooth  to  slide  along  it.  This  contrivance  is  known  by  the  name 
of  the  dead  beat,  the  dead  scc^ement ;  hec^iuse  the  seconds  index 
stands  still  after  each  drop,  whereas  the  index  of  a  clock  with  a 
recoiling  scapement  is  always  in  motion^  hobbling  backward 
and  forward. 

In  this  scapement,  an  increase  of  the  maintaining  power 
renders  the  vibrations  larger  and  slower:  because  the  greater 
pressure  of  the  tooth  on  the  edge  of  the  pallet  throws  it  round 
dirough  a  greater  arch;  and  its  increased  pressure  on  both  sur- 
faces of  the  pallet  retards  its  motion.  . 

4.  The  effect  of  the  scapement  which  has  been  called 
horizontal,  because  the  last  wheel  in  watches  of  this  construc- 
tion has  its  plane  parallel  to  the  rest  of  the  system,  is  similar  to 
diat  of  the  dead-beat  scapement  of  Graham.  In  fig.  5,  the 
horizontal  wheel  is  seen  with  twelve  teeth,  upon  each  of  which 
is  fixed  a  small  wedge  supported  above  the  plane  of  the  wheel, 
as  may  be  seen  at  the  letters  A  and  b.  On  ,the  verge  of  the 
balance  there  is  fixed  part  of  a  hollow  cylinder  of  steel  or  other 
hard  material,  the  imaginary  axis  of  which  passes  through  the 
pivots  of  the  verge,  c  represents  this  cylindrical  piece,  into 
which  the  verge  d  may  be  supposed  to  have  fallen.  While  the 
vibration  causes  the  c\dindrical  piece  to  revolve  in  the  direction 
which  carries  its  anterior  edge  towards  the  axis  of  the  wheel,  the 
point  of  the  wedge  will  merely  rub  the  internal  surface,  and  no 
otherwise  affect  the  vibration  of  the  balance  than  by  retarding 
its  motion.  But  when  the  return  of  the  vibration  clears  the 
cylinder  of  the  point  of.  the  wedge  d,  the  wheel  will  advance, 
and  the  slope  surface  of  the  wedge  acting  against  the  edge  of 
the  cylinder  will  assist  the  vibration  of  the  balance.  When  the 
edge  of  the  cylinder  arrives  at  the  outer  point  of  the  wedge  d, 
its  posterior  edge  must  arrive  at  the  position  denoted  by  the 
dotted  lines  of  continuation ;  immediately  after  which  the  wedge 
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^r  St>ytiL  I  will  arzsve  at  fie  fndarttL  -r.  ant  --tsr  ttt  ^e  vatxr 

«<:icr-  f ^  ?Sutt  hi^  ^zm^v^  i^  v^e^fp^  viS  set  an  Ak^  a%r 
</  dte  rr^ixktikx^  ami  asM  dhe  iibai:a:j«*  as  m  &i^  lisrsKF  caoEL 
«»6i  tkat  t^vt  4b£i  amr>e  ac  ae  ovier  cv  p^«Qecii/r  pwc  •^'^Ar 
mtAx^ '  hiMni^xuh  atft^r  wUck  ik:  IcarfBor  f »:aiit  w^  ^ff  oa 
tte  ftaer  «wibce  of  Ae  cjimia  m  Ae  ficsc  f  •»flcium.  as  was 

HotiumfUd  Mkttht^  wot:  ^pt^adj  i  liiiiii  ^tBrm^  Aefart 
ArtftT  ^icaerty  SBlil  h/t^,  wfcoi  Aey  ^xve  pSxs^  ^  uftia^er  cam- 
imuttKi9»  «Udli  are  kaowa  hw  the  ■>■«  ot  «Sc£acfced  or  five 
t^^sq^iemenU.  la  die  efmamtm  scapcacac,  %.  1;^  ^>*  iaLiggic  of 
tfce  aiaiaUaMg  pO'«er  iocreaMs  the  leoiai,  aad  acndoazies  tht 
^ihninfMm:  bat  aidbtfaeboruoatal  scapcBcat  iko^  Baoprecofl; 
aad  ao  mereskte  of  due  BKuntainaa^  power,  duaek  k  Bar  ca- 
large  tlie  arc  of  fftprauoa,  wiD  aot  ttf.imiMji  ftrawwiA  or  aher 
die  time*  It  u  aco&nfioglj  fooady  Aat  ihe  e^pcniaeat  of 
alteriitg  tlie  mamuataog  power  br  the  ^vpEcadoo  of  the  kcj 
doef  fv>t  alter  the  rate  in  the  saaie  pqcepfiMe  BKuoer  as  in 
eofmoofi  watcbe^^ 

5^  Mg.  6;  repreMnU  the  free  scapeoKBl  of  oar  best  portable 
time^pieces.  Fig,  4,  exhibits  the  scapetaeBt  on  a  lar^e  scale. 
On  the  verge  of  the  balance  is  fixed  a  circubr  piece  of  sap- 
phire^ or  of  bard  steely  el,  out  of  which  a  sectoral  piece  b  cnL 
If  G  Ma  s'raigtit  npring  fixed  near  its  extremitr  h^  and  having  at 
tlie  other  extremity  a  pin  c,  against  which  one  of  the  te^th  of  die 
wheel  D  rest»  when  the  train  is  at  rest  This  spring  has  a  sG^t 
tendency  towards  the  centre  of  die  wheel,  but  is  prevented  by 
the  «top  K  from  throwii^  the  pin  findier  inwanis  d»n  just  to  re- 
ceive the  point  of  the  tooth,  i  is  a  very  slender  spring  fixed  at 
the  end  i,  and  pressing  vel^  slightly  against  the  pin  g,  in  a  di- 
rection t^mding  to  throw  it  from  the  wheel  D,  but  which  on  ac- 
count of  the  greater  power  of  qg  it  cannot  effect.  It  may  be 
observed  that  the  spring  i  proceeds  a  Hide  beyond  the  pin  c — 
F  is  a  lever  proceeding  from  the  verge  of  the  balance  direcdy 
oppoMte  the  end  of  the  spring  i,  and  long  enough  to  strike  it  in 
its  vibration.  The  action  is  as  follows : — From  the  pressure  of 
the  main  spring  the  wheel  (fig.  4.)  is  urged  from  d  towards  f, 
but  18  prevented  from  moving  by  the  pin  g.  Let  the  balance 
be  made  to  vibrate^  and  the  lever  f  will  move  through  the  arc 
vf,  strike  ihc  inner  extremity  of  the  spring  i,  and  displace  the 

in  0.     At  this  instant  the  face  E/which  may  be  called  the  pal-* 
pt^  will  have  arrived  at  the  position  e,  against  which  the  tooth 


r. 
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of  the  wheel  will  fall,  and  communicate  its  impulse  through 
about  15**  or  16°  of  the  vibration.  But  f  quits  the  spring  i 
sooner  than  the  wheel  quits  the  pallet  e,  and  consequently  the 
pin  G  will  have  returned  to  its  first  station  before  the  wheel  can 
have  advanced  a  whole  tooth,  and  the  spring  or  detent  hg  will 
receive  the  wheel  as  be^fore,  immediately  after  its  escape  from 
the  pallet.  The  returning  vibration  of  the  balance  will  be 
made  with  the  piece  el  perfectly  at  liberty  between  two  teeth 
of  the  wheel,  as  in  the  sketch,  and  the  back  stroke  of  the  lever 
F  against  the  tender  spring  i  will  have  no  effect  whatever  on  the 
pin  o ;  this  spring  being  like  the  back  spring  of  the  jacks  of  the 
harpsichord,  active  in  one  direction  only.  The  third  vibration 
of  the  balance  will  unlock  the  detent  as  before ;  the  impulse 
will  again  be  given,  and  the  whole  process  will  be  repeated : 
and  in  this  manner,  the  balance,  though  it  may  vibrate  through 
the  greatest  part  of  the  entire  circle,  will  be  entirely  free  of  the 
works,  except  during  the  very  small^  time  of  the  drop  of  the 
wheel. 

It  is  hardly  necessary  to  make  any  remark  on  this  scapement. 
It  requires  little  or  no  oil;  and  when  all  the  parts,  particularly 
the  pendulum  spring,  are  duly  adjusted,  it  is  found  that  a  very 
great  variation  in  the  first  mover  will  remarkably  alter  the  arc  of 
vibration  without  affecting  the  rate.  The  piece  el  might  have 
consisted  of  a  single  pallet  or  arm,  instead  of  a  portion  of  a 
circle  or  cylinder ;  but  such  a  piece  would  have  been  rather 
less  convenient  to  make  in  sapphire,  or  ruby,  as  in  the  best 
time-pieces,  and  would  also  have  been  less  useful.  For  if  by 
any  accident  or  shock,  the  pin  o  should  be  displaced  for  an  in- 
stant, the  wheel  d  will  not  riin  down,  because  it  will  be  caught 
upon  the  circular  surface  of  el.  It  is  indeed  very  easy  to  ob- 
serve, that  the  piece  el  would  operate  without  the  detent, 
though  with  much  friction  during  the  time  of  repose.  The 
tooth  of  the  wheel  would  in  that  case  rest  upon  k%  circular 
face. 

6.  In  the  two  last  scapements  we  have  seen  the  variable  ef- 
fects of  the  maintaining  power  almost  entirely  removed,  as  far 
as  can  be  practically  discerned.  Fig.  7,  exhibits  the  scape- 
ment of  Mudge;  in  which  the  balance  is  perfectly  detached 
from  the  train  of  wheels,  except  during  the  extremely  short  in- 
terval of  striking  out  the  parts  which  serve  the  purpose  of  de- 
tents, onebq  is  the  circumference  of  th6  balance,  vibrating 
by  the  action  of  a  spiral  spring  as  usual  on  its  axis  CA  dh  pass- 
ing through  the  centre  c :  the  axis  is  bent  into  a  crank,  axyd, 
to  niake  room  for  the  other  work,  lm,  zw,  are  two  rods 
fixed  to  the  crank  at  the  points  l  and  z,  parallel  to  xy. 
€  defr  s  are  fixed  parts  of  the  machine,     tr  is  an  axis  con- 
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centric  with  that  of  the  balance,  and  carryii]^  an  aran  go  near- 
ly at  right  angles  to  it,  and  a  small  auxiliary  spring  u,  which  is 
«rouud  up  whenever  the  arm  go  is  moved  in  the  direction  o&* 
p  is  a  curved  pallet  fixed  to  the  axis  t£,  which  receives  the 
tooth  of  the  balance  wheel  near  the  axis.  The  tooth,  pro- 
ceeding along  the  curved  surface,  by  the  force  of  the  main 
spring  turns  the  axis,  and  its  arm  go,  and  winds  up  the  spring 
u.  A  small  projection  at  the  extremity  of  the  curved  surface 
of  the  pallet  p  prevents  the  further  progress  of  the  tooth,  when 
the  arm  og  has  been  turned  through  an  arc  oh,  of  about  21^; 
and  consequentl}  the  spring  u  has  been  wound  up  through  the 

same  angle  or  arc,  och  =  27^ fs  is  another  axis  exactly 

similar  to  tr.  It  carries  its  aiin  io,  and  spring  v,  and  the 
tpoth  of  the  balance-wheel  Im  winds  up  the  spring  v,  by  act- 
ing on  the  pallet  q,  and  is  detained  foy  a  projection,  after  haviBg 
carried  it  through  an  angle  of  27*',  exactly  as  in  the  former  case. 
The  arcs  passed  th^-ough  by  the  arms  go  and  w,  and  marked 
in  the  figure,  are  also  denoted  by  the  same  letters  on  the  rim 
of  the  balance. 

The  efiect  of  this  scapement  may  be  thus  explained :  let  the 
balance  be  in  the  quiescent  state,  the  main  i^ring  being  un- 
wound, and  the  branch  or  crank  in  the  position  represented  in 
the  figure.  If  the  quiescent  points  of  the  auxilkry  sprites 
coincide  with  that  of  the  balance-spring,  the  arm  go  will  just 
touch  the  rod  lm,  and  in  like  manner  the  arm  lo  v(  ill  just 
^  touch  the  rod  wz  ;  the  two  arms  go  and  lo  in  this  position  are 
parallel  to  the  line  co.  This  position  of  the  balance  and  aux- 
uiary  springs  remains  as  long  as  the  paain  spring  of  the  ma- 
chine continues  unwound;  but  whenever  the  action  of  die 
main  spring  sets  the  balance.- wheel  in  motion,  a  tooth  thereof 
meeting  with  one  or  other  of  the  pallets  p  or  q,  will  wind  up 
one  of  the  auxiliary  springs  :  suppose  it  should  be  the  spring  u* 
The  arm  go  being  carried  into  the  position  jgA,  by  the  force  of 
the  balance-wheel  acting  on  the  pallet  p,  remains  in  that  position 
as  long  as  the  tooth  of  the  balance-wheel  continues  locked  by 
the  projection  at  the  extremity  of  the  pallet  je>  ;  and  the  balance 
itself  not  being  at  all  affected  by  the  motion  of  the  arm  go,  aor 
by  the  winding  up  of  the  spring  u,  remains  in  its  quiesceat 
position :  consequently  no  vibration  can  take  place,  except  by 
the  assistance  of  some  external  force  to  set  the  balance  in  mo^ 
tion.  Suppose  an  impulse  .to  foe  given  sufiicient  to  carry  it 
through  the  semi-arc  on,  which  is  about  135°  in  Mr.  Mudge's 
construction. 

The  balance,  during  this  motion,  carries  with  it  the  crank 

AX  YD,  and  the  affixed  rods  lm,  zw.     When  the  balance  has 

*'>ed  an  angle  of  about  27*^=  the  angle  oc^,  or  ogA,  the 
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rod  LM  meets  with  llie  arm  gh,  and  by  turning  the  axis  tt, 
and  the  pallet  p  in  the  direction  of  the  arc  oh,  releases  t^  e 
tooth  of  the  balance-wheel  from  the  projection  at  the  extre- 
mity of  the  pallet  p:  the  balance-wheel  immediately  rievolves, 
and  the  lower  tooth  meeting  with  the  pallet  q,  winds  up  the 
auxihary  spring  v,  and  carries  the  arm  lo  with  a  circular  motion 
through  the  angle  oik,  about  ^T,  in  which  position  the  arm  10 
remains  as  long  as  the  tooth  of  the  balance-wheel  is  locked  by 
the  pallet  a.  While  the  spring  v  is  winding  up  through  the  arc 
ck,  the  balance  describes  the  remaining  part  of  the  semi-arc  Ab, 
and  during  this  motion  the  rod  lm  carries  round  the  arm  ch, 
causing  it  to  describe  an  angle  hcB,  or  hoB,  which  i«  measured 
by  the  arcAB  =  108^  When  the  balance  has  airived  at  the 
extremity  of  the  semi-arc  ob=:1S6''^  the  auxiliary  spring  u  will 
have  been  wound  up  through  the  same  angle  of  130^,  that  is  to 
say,  2V,  by  the  force  of  the  main-spring  acting  on  the  pallet  jw/ 
;and  108°  by  the  balance  itself,  carrying  along  with  it  the  arm 
Qo,  or  ch,  while  it  describes  the  arc  An.  The  balance  there- 
fore returns  through  the  arc  bo,  by  the  joint  action  of  the 
balance-spring  and  the  auxiliary  spring  u ;  the  acceleration  of 
both  springs  ceasing  the  instant  the  balance  arrives  at  the  quies- 
cent point  0.  When  the  balance  has  proceeded  in  its  vibration 
about  '2T  beyond  the  point  o,  to  the  position  ck,  the  rod  zw 
meets  with  the  arm  lA,  and  by  carrying  it  forward  releases  the 
tooth  of  the  balance-wheel  from  the  pallet  g.  The  balance- 
wheel  accordingly  revolves,  and  the  upper  tooth  meeting  witli 
the  pallet  p  winds  up  the  auxiliary  spring  u  as  before.  The 
balance  with  the  crank  proceeding  to  describe  the  remaining 
semi-arc  Ae,  winds  up  the  spring  v  through  the  further  angle 
icE=108°,  and  returns  through  the  semi-arc  £0,  by  the  joint 
action  of  the  balance-eipring  and  the  auxiliary  spring  v,  both  of 
which  cease  to  accelerate  the  balance  the  instant  it  has  arrived 
at  o. 

It  may  be  remarked,  in  this  curious  scapement,  that  the 
motion  of  the  balance  in  its  semi-vibration  from  the  point  of 
quiescence  is  opposed  through  an  ai'c  of  np  more  than  108%  but 
is  accelerated  in  its  return  through  the  whole  arc  of  135°,  and 
that  the  difference  is  what  maintains  the  vibrations ;  and  more- 
over, that  the  force  from  the  wheel  being  exerted  to  wind  up 
each  auxiliary  spring  during  the  time  it  is  totally  disengaged 
from  the  balance,  this  last  organ  cannot  be  effected  by  its  irre- 
gularities, except  so  far  as  they  may  render  it  more  difficult  to 
disengage  the  rim  of  the  pallet  from  the  tooth.  The  balance 
desc;'ibes  an  arc  of  about  8"*  during  this  disengagement. 

Count  Bruhl,  in  his  pamphlet  ^*  On  the  Investigation  of 
i\stroQomical  Circles/'  after  describing  Mudge's  scapement, 
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proceeds  thus :  '^  By  what  has  been  said,  it  is  cvidentj  that 
whatever  inequality  there  may  be  in  the  power  derived  from  the 
main-spring  (provided  the  latter  be  sufficient  to  wind  up  tfapse 
little  pallet-springs),  it  can  never  interfere  with  the  regularity  of 
the  balance's  motion,  but  at  the  instant  of  unlocking  the  pallets, 
which  is  so  instantaneous  an  operation,  and  the  resistance  so 
exceedingly   small,  that  it  cannot   possibly  amount  to    any 
sensible  error.     The  removal  of  this  great  obstacle  was  cer- 
tainly never  so  effectually  done  by  any  other  contrivance,  and 
deserves  the  highest  commendation,  as  a  probable  means  to 
perfect  a  portable  machine  that  will  measure  time  correctly. 
But  this  IS  not  the  only,  nor  indeed  the  principal,  advantage 
which  this  time-keeper  will  possess  over  any  other;  for,  as  it  is 
impossible  to  reduce  friction  to  so  small  a  quantity  as  not  to 
affect  the  motion  of  a  balance,  the  consequence  of  which  is, 
that  it  describes  sometimes  greater  and  sometimes  smaller  arcs, 
it  became  necessary  to  think  of  some  method  by  which  the 
balance  might  be  brought  to  describe  those  different  arcs  in  the 
same  time.     If  a  balance  could  be  made  to  vibrate  without 
friction  or  resistance  from  the  medium  in  which  it  moves,  the 
mere  expanding  and  contracting  of  the  pendulum-spring  would 
probably  produce  the  so  much  wished  for  effect,  as  its  force  is 
supposed  to  be  proportional  to  the  arcs  described ;  but  as  there 
is  no  machine  void  of  friction,  and  as  from  that  cause,  the  velo- 
city of  every  balance  decreases  more  rapidly  than  the  spaces 
gone  through  decrease,  this  inequality  could  only  be  removed 
by  a  force  acting  on  the  balance,  which  assuming  different  ratios 
in  its  different  stages,   could  counterbalance  that  inequality. 
This  very  material   and   important  remedy,   Mr.  Madge  has 
effected  by  the  construction  of  his  scapement ;  for  his  pallet- 
springs  having  a  force  capable  of  being  increased  almost  at 
pleasure,  at  the  commencement  of  every  vibration,  the  pro- 
portion in  their  different  degrees  of  tension  may  be  altered  till 
it  answers  the  intended  purpose.     This  shews  how  effectually 
Mr.  Mudge's  scapement  removes  the  two  greatest  difficulties 
that  have  hitherto  baffled  the  attempts  of  every  other  artist, 
namely,  the  inequalities  of  the  power  derived  from  the  main 
spring,  and  the  irregularities   arising  from  friction,  and  the 
variable  resistance  of  the  medium  in  which  the  balance  moves." 
7.  Fig.  8,  is  the  sketch  of  an  adaptation  of  Mudge's  scape- 
ment to  a  clock.     LM  is  a  part  of  the  periphery  of  the  wheel. 
CA,  GB,  are  two  arms  separately  moveable  on  the  same  axis, 
and  terminating  in  the  pallets  a,  b.    These  pallets  have  inclined 
faces,  with  a  claw  or  detent  at  the  lower  part  of  each,     go,  id, 
are  tails  proceeding  from  each  pallet-piece  respectively,  and 
the  dark  spot  at  n  represents  a  pin  proceeding  from  the  pen- 
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dulum  rod;  and  capable  of  moving  either  of  the  tails  according 
to  the  course  of  the  vibration.  ITie  dotted  circles  u  and  v 
represent  weights  which  are  stuck  upon  two  pins^  and  may  be 
changed  for  others,  greater  or  smaller,  until  the  most  suitable 
quantity  is  found.  Suppose  the  wheel  to  be  urged  from  l  to- 
wards M,  and  the  pendulum  made  to  vibrate  by  external  impulse. 
The  pin  n  proceeding  towards  l  will  strike  the  tail  go,  raise 
the  pallet  a,  and  set  the  wheel  at  liberty:  which  sliding  along 
the  inner  surface  of  the  pallet  b,  will  raise  it,  and  stop  against 
the  claw  at  its  lower  end.  lo  will  consequently  be  carried  into 
the  position  ip;  and  the  pallet  A  in  its  return  will  be  opposite  to 
a  vacancy,  which  will  permit  the  tail  go  to  follow  the  pin  n  as 
far  as  the  perpendicular  situation.  The  pendulum  will  therefore 
be  assisted  by  the  weight  u  through  a  longer  arc  in  its  descent, 
than  it  was  impeded  by  it  in  its  ascent  In  the  opposite  semi- 
vibration  toward  m,  the  pendulum  M'ill  proceed  unopposed  by 
V,  while  it  passes  through  the  angle  oip,  when  it  will  raise  b, 
and  permit  the  wheel  to  elevate  the  pallet  A.  In  the  motion  on 
this  side  of  die  perpendicular,  it  is  sdso  clear  that  the  descent 
will  be  more  assisted  than  the  ascent  was  impeded.  Whence 
it  follows,  that  the  clock  will  continue  to  go :  and  no  variation 
of  the  force  of  the  wheel  lm,  which  raises  the  pallets  in  the 
absence  of  the  pendulum,  will  affect  the  vibration,  except  so 
far  as  it  may  afford  a  variable  resistance  at  the  detent  or  claw. 

8.  Mr.  Mudge  has  also  given  another  detached  scapement, 
which  he  recommends  for  pocket-watches,  and  executed  en- 
tirely to  his  satisfaction  in  one  made  for  the  queen.  A  dead- 
beat  pendulum  scapement  is  interposed  between  the  wheels  and 
the  balance.  The  crutch  e  dp  (fig.  3.)  has  a  third  arm  do  standing 
outwards  from' the  meeting  of  the  other  two,  and  of  twice  their 
length.  This  arm  terminates  in  a  fork  agb.  The  verge  v  has  a 
pallet  c,  which,  when  all  is  at  rest,  would  stand  between  the 
points  A,.  B,  of  the  fork.  But  the  wheel,  by  its  action  on  the 
pallet  £,  forces  the  fork  into  the  position  Bg6,  the  point  a  of 
the  fork  being  now  where  b  was  before,  just  touching  the 
cylindrical  surface  of  the  verge.  The  scapement  of  the  crutch 
EDF  is  not  accurately  a  dead-beat  scapement,  but  has  a  very 
small  recoil  beyond  the  angle  of  impulsion.  By  this  circum- 
stance the  branch  A  (now  at  b)  is  made  to  press  most  gently  on 
the  cylinder,  and  keeps  the  wheel  locked,  while  the  balance  is 
going  round  in  the  direction  bha.  The  point  a  gets  a  motion 
from  A  to  B  by  means  of  a  notch  in  the  cylinder,  which  turns 
round  at  the  same  time  bv  the  action  of  the  branch  AG  on  the 
pallet  c ;  but  a  does  not  touch  the  cylinder  during  this  motion^ 
the  notch  leaving  firee  room  for  its  passage.  When  the  bsilance 
returns  from  its  excursion,  the  pallet  c  strikes  on  the  branch 
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A  (stiil  at  B)/and  unlocks  the  wheel.  This  now  acting  oil  the 
crutch-pallet  F;  causes  the  branch  b  of  the  fork  to  follow  the 
pallet  Cy  and  give  it  a  strong  impulse  in  the  direction  in  which 
it  is  then  moving,  causing  the  balance^to  make  a  semi-vibratiou 
in  the  direction  ahb.  The  fork  is  now  in  the  situation  Aga, 
similar  to  Bgby  and  the  wheel  is  again  locked  on  the  crutch- 
pallet  K. 

The  intelligent  reader  will  admit  this  to  be  a  very  steady  and 
cflFective  scapement.  The  lockage  of  the  wheel  is  procured  in 
Si  very  ingenious  manner;  and  the  friction  on  the  cylinder^ 
necessary  for  effecting  this^  may  be  made  as  small  as  we  please, 
notwithstanding  a  very  strong  action  of  the  wheel:  lor  the 
pressure  of  the  fork  on  the  cylinder  depends  entirely  on  the 
degree  of  recoil  that  is  formed  on  the  pallets  e  and  F.  Pressure 
on  the  cylinder  is  not  indispensably  necessary^  and  the  crutcb- 
scapement  may  be  a  real  dead-beat.  Bpt  a  small  recoil,  by 
keeping  the  fork  in  contact  with  the  cylinder^  gives  the  most 
perfect  steadiness  to  the  motion.  The  ingenious  inventor,  a 
man  of  approved  integrity  and  judgment,  declares  that  her 
majesty's  watch  was  the  best  pocket-watch  he  had  ever  seen. 
We  are  not  disposed  to  question  its  excellency. 

9.  Another  scapement,  in  which  a  considerable  degree  of 
ingenuity  is  united  with  comparative  simplicity,  is  that  of  Mr. 
De  Lafons.  The  inventor's  description,  and  some  of  his  ob- 
servations, as  presented  to  the  Society  of  Arts,  are  as  follows : 

^^  Although  the  giving  an  equal  impulse  to  the  balance  has 
been  already  most  ingeniously  done  by  Mr.  Mudge  and  Mr. 
Haley  (from  whose  great  merit  I  would  not  wish  to  detract,) 
yet  the  extreme  difficulty  and  expense  attending  the  first,  and 
the  very  compound  locking  of  the  second,  render  them  far  fxoih 
completing  the  desired  object. 

"  The  perfections  and  advantages  arising  from  jmy  improve- 
ments on  the  remontoire  detached  scapement  for  chronometers, 
which  gives  a  perfectly  equal  impulse  to  the  balance,  and  not 
only  entirely  removes  whatever  irregularities  arise  from  the 
different  states  of  fluidity  in  the  oil,  from  the  train  of  wheels,  or 
from  the  main  spring,  but  do^  it  in  a  simpler  way  than  any  with 
which  1  am  acquainted.  I  trust  it  will  not  be  thought  improper 
in  me  to  answer  some  objections  made  at  the  examinations  before 
the  committee,  as  I  am  fully  persuaded  the  more  mathematically 
and  critically  the  improvements  are  investigated,  the  more  per- 
fect they  w^ill  prove  to  be. 

"  It  was  first  observed,  that  my  method  did  not  so  conipletely 
detach  the  train  of  wheels  from  the  balance  as  another  scapq- 
ment  then  referred  to.  I  beg  leave  to  remark,  that  the  train  of 
wheels  in  mine  is  prevented  from  pressing  against  the  locking, 
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by  the  whole  power  of  the  remontoire-spring;  so  that  the  balance 
has  only  to  remove  the  small  remainmg  pressure,  which  does 
away  that  objection^  and  also  that  of  the  disadvantage  of  detents, 
8S  this  locking  may  be  compared  to  a  light  balance  turning  on 
fine  pivots,  without  a  pendulum-spring ;  and  has  only  the  advan- 
tage of  banking  safe  at  two  turns  of  the  balance,  and  of  being 
firmer,  and  less  liable  to  be  out  of  repair  than  any  locking  where 
q»ring-work  is  used,  but  likewise  of  unlocking  with  much  less 
power. — It  was  then  observed,  it  required  more^  power  to  make 
it  go  than  usual.  Permit  me  to  say,  it  requires  no  more  power 
than  any  other  remontoire-scapement,  as  tlie  power  is  applied  in 
die  most  mechanical  manner  possible. — And,  lastly,  it  was  said, 
diat  it  set  or  required  the  balance  to  vibrate  an  unusually  large 
ardi  before  the  piece  would  go.  This  depends  on  the  accuracy 
of  the  executioii,  the  proportionate  diameter  and  weight  of  the 
bdance,  the  strength  of  the  remontoire-spring,  and  the  length 
of  the  pallets.  If  these  circumstances  are  well  attended  to,  it 
will  set  but  little  more  than  the  most  generally  detached  scape- 
ments. 

A,  shews  the  scape-wheel,  pi.  XXIX.  . 

B,  the  lever-pallet,  on  an  arbor  with  fine  pivots,  having  at  the 
lower  end 

c,  the  remontoire  or  spiral-spring  fixed  with  a  collar  and  stud, 
as  pendulum-springs  are. 

D,  the  pallet  of  the  verge,  having  a  roller  turning  in  small 
pivots  for  the  lever-pallet  to  act  against. 

B|  Pallets  to  discharge  the  locking,  with  a  roller  between,  as 
in  fig.  10. 

F,  the  arm  of  the  locking-pallet  continued  at  the  other  end  to 
make  it  poise,  havhig  studs  and  screws  to  adjust  and  bank  the 
quantity  of  motion. 

a  and  b,  the  locking-pallets,  being  portions  of  circles,  fastened 
on  an  arbor  turning  on  fine  pivots. 

G,  the  triple  fork,  at  the  end  of  the  arm  of  the  locking 
pallets. 

The  centre  of  the  lever-pallet  in  the  draft,  is  in  a  right  line 
between  the  centre  of  the  scape-wheel  and  the  centre  of  the 
verge,  though  in  the  model  it  is  not :  but  may  be  made  so  or  not, 
as  best  suits  the  calliper,  &c. 

**  The  scape-wheel  a,  with  the  tooth  1,  is  acting  on  the 
lever-pallet  b,  and  has  wound  up  the  spring  c :  the  verge-pallet 
D  (turning  the  way  represented  by  the  arrpw)  the  moment  it 
comes  within  the  reach  of  the  lev^r  pallet,  the  discharging 
pallet  E,  taking  hold  of  one  prong  of  the  fork,  removes  the 
aim  F,  and  relieves  the  tooth  3  from  the  convex  part  of  the 
lock  a.     The  wheel  goes  forward  a  little,  just  sufficient  to  per- 
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mit  the  leverr-pallet  to  pass,  while  the  other  end  gives  the  im-» 
pulse  to  the  balance :  the  tooth  4  of  the  wheel  is  then  locked  on 
the  concave  side  of  the  lock  b,  and  the  lever-pallet  is  stopped 
against  the  tooth  5,  as  in  fig.  1 1.  So  far  the  operation  of  giving 
the  impulse,  in  order  again  to  wind  the  remontoire-spring  (the 
other  pallet  at  E,  in  the  return,  removing  the  arm  f  the  con- 
trary direction),  relieves  the  tooth  3  from  the  lock  b.  The 
wheel  again  goes  forward,  almost  the  whole  space,  from  tooth 
to  to6th,  winds  the  spiral  spring  again,  and  comes  into  the  situa- 
tion of  JSig.  I,  and  thus  the  whole  performance  is  completed. 
The  end  of  the  lower  pallet  b  resting  oii  the  point  of  the  toot^ 
1 ,  prevents  the  wheel  exerting  its  full  force  on  the  lock  a,  as  in 
fig.  1 .  The  same  effect  is  produced  by  the  pallet  lying  on  the 
tooth  5,  by  preventing  the  wheel  from  pressing  on  6 ;  and  thus 
the  locking  becomes  the  tightest  possible.  This  scapement 
may  be  much  simplified  by  putting  a  spring  with  a  pallet  made 
in  it,  as  in  fig.  12.  instead  of  the  lever-pallet,  and  spiral>spring. 
The  operation  will  be  in  other  respects  exactly  the  same,  avoid- 
ing the  friction  of  the  pivots  of  the  lever-pallet.  This  method 
I  prefer  for  a  piece  to  be  in  a  state  of  rest,  as  a  clock ;  but  the 
disadvantage,  from  the  weight  of  the  spring  in  different  posi- 
tions, is  obvious.  The  locking  may  be  on  any  two  teeth  of  the 
wheel,  as  may  be  found  most  convenient." 

Many  other  ingenious  scapements  have  been  contrived  by 
Harrison,  Hindley,  Ellicott,  Lepaute,  Le  Roy,  Berthoud,  Ar- 
nold, Whitehurst,  Earnshaw,  Nicholson,  &c.  But  descriptions 
of  them  would  extend  this  article  to  much  too  great  a  length. 
What  is  here  collected  will,  we  trust,  furnish  some  insight  into 
the  nature  of  a  few  of  the  most  approved  scapements. 

Archimedes's  screw,  or  the  IVatersnail,  is  a  machine 
for  raising  water,  which  consists  either  of  a  pipe  wouild  spirally 
round  a  cylinder,  or  of  one  or  more  spiral  excavations  formed 
by  means  of  spiral  projections  from  an  internal  cylinder,  covered 
by  an  external  coating,  so  as  to  be  watertight.  This  screw  is 
one  of  the  most  ancient,  and  at  the  same  time  ingenious,  ma- 
chines we  know,  being  truly  worthy  of  the  name  it  bears,  sup- 
posing Archimedes  to  be  the  real  inventor.  Though  sihiple  in 
its  general  manner  of  operation,  its  theory  is  attended  with  some 
difficulties  which  could  only  be  conquered  by  the  modern  ana- 
lysis :  it  was  first  stated  correctly,  as  far  as  we  have  been  able  to 
ascertain,  by  M.  Pitot,  in  the  Memoires  de  CAcademie  Resale 
des  Sciences,  and  afterwards  more  elaborately  by  Euler  in  riav. 
Comment.  PetropoL  torn.  5.  Later  attempts  by  Langsdorf  in 
his  Handbuch  der  Maschinenlehre,  and  some  other  authors,  are 
not  to  be  relied  on.  That  the  nature  of  this  curious  machine 
may  be  the  better  understood,  we  ^hall  first  state  generally  its 
manner  of  operation  j  and  then  present  a  more  particular  view 
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tif  tlie  calculus  necessary  to  shew  the  work  it  will  really  perform, 
and  the  force  required  as  a  first  mover. 

1 .  If  we  conceive  that  a  flexible  tube  is  rolled  regularly  about 
a  cylinder  from  one  end  to  another ;  this  tube  or  canal  will  be 
.a  screw  or  spiral,  of  wliich  we  suppose  the  intervals  of  the  spires 
or  threads  td  be  equal.     The  cylinder  being  placed  with  its 
axis  in  a  vertical  position,  if  we  put  in  at  the  upper  end  of  the 
spiral  tube  a  small  ball  of  heavy  matter,  which  may  move  freely, 
it  is  certain  that  it  will  follow  all  the  turnings  of  tlie  screw  from 
the  top  to  the  bottom  of  the  cylinder,  descending  always  as  it 
would  have  done  had  it  fallen  in  a  right  line  along  the  axis  of 
the  cylinder,  only  it  would  occupy  more  time  in  running  through 
the  spiral.     If  the  cylinder  were  placed  with  its  axis  horizon- 
.  tally,  and  we  again  put  the  ball  into  one  opening  of  the  canal, 
it  will  descend,  following  the  direction  of  the  first  demi-spire  ; 
but  when  it  arrives  at  the  lowest  point  in  this  portion  of  the 
tube  it  will  stop.     It  must  be  remarked  that,  though  its  heavi- 
ness has  no  other  tendency  than  to  make  it  descend  in  the  demi- 
spire,  the  oblique  position  of  the  tube,  with  respect  to  the 
horizon,  is  the  cause  that  the  ball,  by  always  descending,  is 
^always  advancing  from  the  extremity  of  the  cylinder  whence  it 
coQimenced  its  motion,  to  the  other  extremity.     It  is  impossible 
that  the  ball  can  ever  advance  more  towards  the  further,  or  as 
we  shall  call  it,  the  second  extremity  of  the  cylinder,  if  the 
cylinder  placed  horizontally  remains  always  immoveable:  but 
if,  when  the  ball  is  arrived  at  the  bottom  of  the  first  demi-spire, 
we  /cause  the  cylinder  to  turn  on  its  axis  without  changing  the 
position  of  that  axis,  and  in  such  manner  that  the  lowest  point 
of  the  demi-spire  on  which  the  ball  presses  becomes  elevated, 
then  the  ball  fails  necessarily  from  this  point  upon  that  which 
succeeds,  and  which  becomes  lowest;  and  since  this  second 
point  is  more  advanced  towards  the  second  extremity  of  the 
cylinder  than  the  former  was,  therefore  by  this  new  descent  the 
.ball  will  be  advanced  towards  that  extremity,  and  so  on  through- 
out, in  such  a  manner  that  it  will  at  length  arrive  at  the  second 
extremity  by  always  descending,  the  cylinder  having  its  rotatory 
motion  continued.     Moreover,  the  ball,  by  constantly  following 
its  tendency  to  descend,  has  advanced  through  a  right  line  equal 
to  tlie  axis  of  the  cylinder,  and  this  distance  is  horizontal,  be- 
cause the  side.^  of  the  cylinder  were  placed  horizontally.     But 
if  the  cylinder  had  been  placed  oblique  to  the  horizon,  and  we 
suppose  it  to  be  turned  on  its  axis  always  in  the  same  direction, 
it  la  easy  to  see  that  it'  the  first  quarter  of  a  spire  actually  de- 
scends, the  bail  will  move  from  the  lower  end  of  the  spiral  tube, 
and  be  canied  solely  by, gravity  to  the  lowest  point  of  the  first' 
demi-spire,  where,  as  in  the  preceding  case,  it  will  be  abandoned 
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by  this  point  as  it  is  elevated  by  the  rotation^  and  thrown  by  its 
heaviness  upon  that  which  has  taken  its  place :  whence^  as  this 
succeeding  point  is  further  advanced  towards  the  second  ex* 
tremity  of  the  cylinder,  than  that  which  the  ball  occupied  just 
before,  and  consequently  more  elevated;  therefore  the  batt 
while  following  its  tendency  to  descend  by  its  heaviness,  will  be 
always  more  and  more  elevated  by  virtue  of  the  rotation  of  the 
cylinder.  Thus  it  will,  after  a  certain  number  of  turns,  foe  ad-- 
vanced  from  one  extremity  of  the  tube  to  the  other,  or  through 
the  whole  length  of  the  cylinder ;  but  it  will  only  be  raised 
through  the  vertical  height  determined  by  the  obliquity  of  the 
position  of  the  cylinder.         ^ 

Instead  of  the  ball  lei  us  now  consider  water  as  entering  by  the 
lower  extremity  of  the  spiral  canal,  when  immersed  in  HreBeryaat: 
this  water  descends  at  first  in  the  ca^l  solely  by  it9  gravity ; 
but  the  cylinder  being  turned,  the  water  moves  on  in  the  CkoA 
to  occupy  the  lowest  place ;  and  thus  by  the  continual  rotatioti 
is  made  to  advance  fuither  and  fiirther  in  the  spiral,  till  fit 
length  it  is  raised  to  the  upper  extreniity  of  the  canal  where  it 
is  expelled.    There  is,  however,  an  essential  difference  between 

.  the  water  and  the  ball :  for  the  water,  by  reason  of  its  fluidity, 
after  having  descended  by  its  lieaviness  to  the  lowest  point  of 
the  demi-spiie,  rises  up  on  the  contrary  side  ^to  the  original 
level ;  on  which  account  more  than  half  one  of  the  spires  mi^ 
soon  be  filled  with  the  fluid.  This  is  an  important  particular, 
which,  though  it  need  not  be  regarded  in  a  popular  illustratioD, 
must  be  attended  to  in  the  njore  paiticular  exhibition  of  the 
theory  to  which  we  now  proceed. 

2.  The  most  simple  method  of  tracing  a  screw  or  a  helix 
upon  a  cylinder  is  well  known  to  be  this :  take  the!  height  or 
length  of  a  cylinder  for  one  leg  of  a  right-angled  triangle,  and 
make  the  other  leg  equal  to  as  many  times  the  circumference 
of  the  base  of  the  cylinder,  as  the  screw  is  to  make  convolutions 
about  the  cylinder  itself;  then  if  this  triangle  be  enveloped 
about  the  surface  of  the  solid,  the  two  legs  being  made,  the  one 
to  lie  parallel  to  the  axis  of  the  cylinder,  the  other  to  fold  upon 
the  circumference  of  its  base,  the  hypothenuse  will  form  the 
contour  of  the  screw.  Suppose  therefore  here,  that  upon  the 
cylinder  abcd  (fig.  6.  pi.  XXIV.)  we  have  rolled  the  right- 
angled  triangle  bde,  and  that  its  hypothenuse  de  traces  upon 
the  cylinder  the  contour  of  the  helix  or  the  spires  bf,  gh,  &c. 
Then  if  a  tube  be  formed  according  to  the  direction  of  Ais 
spiral,  and  a  small  ball  put  into  it,  if  the  cylinder  were  placed 

.  upright,  the  ball  vrould  roll  to  the  bottom  with  the  same  vrfo- 
city  and  the  same  force,  as  it  would  have  descended  ujion  the 
plane  dk^  if  be  Mere  horizontal  and  bd  vertical.     But  if  the 
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dylmder  be  incliaed  until  it  makes  with  the  vertical  CL  an  angle 
ACL  equal  to  the  angle  bbd,  or  the  angle  which  the  threads  of 
the  screw  make  constantly  with  the  base  of  the  cylinder,  in  that 
case  pjSL  will  be  parallel  to  the  horizon  |'  and  whether  the  spires 
be  few  or  many,  they  wjj^  all  be  parallel  to  the  horizon :  so  that 
there  being  nothing  to  occasion  the  ball  P  to  move  toward  either 
G  or  H,  it  will  remain  immoveable,  supposing  the  cylinder  to  be 
at  rest:  but  if  the  cylinder  x  be  turned  on  its  axis  in  one  direc- 
tion, the  ball  (abstracting  from  friction)  will  move  the  contrary 
way,  in  conformity  with  the  first  law  of  motion. 

3.  The  inclination  aci^  =  bed  which  we  have  just  assigned, 
is  the  least  we  can  give,  so  that  the  ball  shall  not  descend  of  it- 
ftelf :  but  if  we  augment  dfts  inclination,  or  make  the  angle  lac 
smaller,  then  by  tuiniq^Hb^  cylinder  in  the  direction  cmd,  the 
ball  will  always  have  a  c^cent  on  the  side  towards  h,  and  will 
mount,  so  to  speak,  by  descending.  The  reason  is  very  simple : 
the  plane  which  carries  it  makes  it  rise  more  in  consequence  of 
the  KOtatory  motion j  than  it  descends  by  virtue  of  the  force  of 
gravity. 

4.  There  are  several  methods  of  determining  the  ratio  of  the 
weight  of  the  ball  p  to  the  force  f,  necessary  to  make  it  rise  by 
turning  the  screw.  The  following  is  perhaps  the  most  simple : 
the  force  or  power  is  to  the  weight  elevated,  as  the  vertical 
space  passed  over  by  the  weight,  is  to  the  space  passed  through 
by  the  power  in  moving  it.  Here  the  vertical  space  is  cl,  and 
if  the  moving  force  act  at  the  circumference  of  the  cylinder,  the 
space  passed  over  by  that  force  will  be  equal  to  as  many  times 
me  circumference  of  the  cylinder's  base,  as  there  are  convolu- 
tions of  the  helix :  thus  we  shall  have  be  :  CL  :  :  f» :  f. 

Example.  Let  the  diameter  ab  of  the  cylinder  be  14  inches, 
the  vertical  altitude  cl  =  1^  feet  or  144  inches,  and  12  the 
convolutions  of  the  spiral,  the  cylinder  being  so  placed  that  the 
angle  lac  is  less  than  bed;  the  weight  to  be  raised  being  a 
48  lb.  ball.  Then  the  circumference  of  the  cylinder  wiU  be 
nearly  44  inches,  and  the  1 2  turns  equal  to  12  X  44  =  628  =  be. 
Hence  we  have  528  :  144  :  :  p  :  f  :  :  48  :  13j-lbs.  the  measure 
of  the  requisite  force  at  the  surface  of  the  cylinder.  If  the 
moving  force  describe  a  circle  whose  diameter  is  3  times  that  of 
the  cylinder,  or  act  at  a  winch,  whose  distance  from  the  axis  of 
motion  is  21  inches,  that  force  will  then  be  reduced  to  ^  of  13-1* 
or  4^  lbs.  which  is  less  than  -^V  of  the  weight  of  the  ball.  The 
friction  upon  the  pivots,  8cc.  is  not  here  considered. 

/Thus  it  appears  that  Archimedes's  screw  may  be  used  for 
clber  purposes  than  raising  of  water.  It  might  be  adapted  with 
advantage  in  raising  cannon  balls  from  a  ship  to  a  wharf:  and 
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with  the  addition  of  a  bevel-wheel  or'  two  and  their  pfnion^^ 
might  be  worked  by  either  men  or  horses. 

5,  The  helix  formed  about  a  cylinder  is  a  curve  similar  in  aB 
its  parts  :  that  is^  ail  the  denii-spires^  as  Aic^  CR,  K]^,  are  similar 
and  equal ;  it  is  al^b  the  same  of  the  thirds^  the  fourths^  &c.  of 
the  spires,  afid  generally  of  all  the  equal  portions  of  the  curve. 
But  when  the  cylinder  is  inclined,  if  we  refer  all  the  points  of  H 
demi-spire,  such  asAic,  by  perpendiculars,  to  the  horizontal 
section  of  the  cylinder  (which  section  is  elliptical,  though  re** 
presented  in  fig.  7.  pi.  XXIV.  by  a  right  Kne  ad  to  prevent 
confusion  in  the  diagram),  we  shall  find  diat  this  demi-spire  has, 
with  regard  to  the  horizontal  plane  ad,  a  highest  point  s,  a  low-- 
est  point  z\  and  a  mean  point  i.  In  order  to  become  acquainted 
^9fiih  the  effect  of  the  screw  in  raising  water,  it  is  impcnrtant  to 
determine  these  three  points. 

6.  The  mean  point  i  is  a  point  of  inflection  very  easy  to 
determine.  To  this  end  put  the  diameter  ab  =  2r,  the  half- 
circumference  AMB  =  Cf  the  abscissa  ap  s  a^^  the  indeter- 
minate arc  AM  £=  Sy  the  ordinate  me  of  the  spiral  ^^^f  and 
the  height  bc  of  a  demi-spire  =  hi  Hence,  since  we  may  con- 
sider tlie  demir-spire  aic  as  having  been  formed  by  tKe  hypo- 
thenuse  of  a  right-angled  triangle,  one  leg  of  which  is  eqpal  to 
the  half-circumference  amb,  and  the  other  equal  to  the  line 
BC,  we  have  this  proportion,  amb  :  bc  :  :  AM  :  ME,  or  c :  & 

t :  s  :y;  whence,  s  =  •—-,  the  fluxion  of  which  is  «  =x  —  • 
But  by  the  nature  of  the  circle  s  =;=  -— -■;  so  that 


=s  --'  Therefore,  following  the  usual  method  for  points  of  ii^- 
flexion,  by  taking  the  second  fluxions  and  supposing  x  constant, 
we  have  -  v  ^^^  __  =  j?  =  0,  which  gives  x  zr  r,  and  indicates 
that  the  point  of  inflexion  i  is  in  the  middle  of  the  demi-spire 

AIC. 

7.  To  find  the  highest  and  lowest  points  E,  e',  in  addition  to 
the  characters  before  used,  put  bd  =  a,  and  ad  =/ :  we  have 

from  the  foregoing  article  -  =  y,  and  the  similar  triangles  abb, 

APF,  give  AB  :  BD  : :  AP  :  PF,  or  2r  :  a  : :  jr  :  r-  =  pf.  There- 

fore  EF  n  PE  —  PF  =  - —  ^ ;  for  since  we  consider  pm  a» 
perpendicular  to  pe,  it  follows  that  me  and  pe  will  be  equil^ 
and  consequently  pe  =  — .    The  similar  triangles  abd,  Hro, 
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I  '  r»     ^  la  ax     ^hrg  ax 

give  AD :  AB  :  :  EF  :  eg,  or,  /  :  £r  :  : :  — 7-  = 

"  '        ' »/  c  xr        cf  J 

KG.     This  value  of  eg  ought  to  be  a  maximum;  its  iluxioo^ 
therefore,  that  is,  — -: rr  =  0.     B    t  from  the  nature  of  the 
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circle  we  have  s  =  r-77- .     Substituting  for  s  in  the  pre- 

ceding  equation  this  value  of  it,  and  reducing,  we  soon  find  x  = 

r  ±  " —  -^(aV*— 4AV).     Of  these  two  values  of  x,  the  lower 

determines  the  value  ap  corresponding  to  the  highest  point  e; 
die  upper  shews  the  value  ap'  corresponding  to  the  lowest 
poinfE'. 

8.  Through  the  highest  point  e  having  drawn  the  horizontal 
plane  eg,  this  plane  will  cut  the  demi-spire  cos  in  the  point  o 
(fig.  8.  pi.  XXIV.),  thus  determining  the  arc  eco  which  carries^ 
water,  or  as  it  is  sometimes  called  the  hydrophorous  arc ;  for  all 
the  points  of  this  arc  being  below  the  points  E,  o,  and  these 
two  points  being  in  the  level  of  the  surface,  the  water  will  be 
in  equilibrio  in  that  arc.  To  find  the  magnitude,  and  of  conse- 
quence the  quantity  of  water  carried » by  an  hydrophorous  arc, 
me  diameter  of  the  tube  which  forms  the  screw  being  given,  it 
is  evident  that  we  have  only  now  to  determine  the  point  o  or 
extremity  of  the  arc  eco,  the  other  extremity  having  beea 
found  by  the  preceding  article.  In  order  to  this,  denote  ab, 
BD,  by  the  same  letters  as  before ;  the  variable  abscissa  bq  by  Zp 
and  its  arc  bn  by  s:  the  line  ef  (found  as  in  art.  7.),  or  its 
equal  or  put  1=  e.     Then  the  similar  triangles  abd,  aqr, 

•  Qar  —  az 

g!ve  AB  :  BD  :  :  ao  :  qr,  or  2r  :  a  :  :  2r  --  z  i  — ^ =  l^R  • 

tlierefore  90  =  —7-^ h  e.     Now,  by  the  property  of  the 

acrewi  we  have  amb  :  bc  :  :  ambn  :  no,  or  c  :  A  :  :  c  4-  5  : 
■         =  NO.     But   ap  and  no  being   two   Hues  perpendi- 
cular to  the  base  of  the  cylinder,  and  both  of  them  terminating  , 
in  the  plane  of  the  ellipse,  or  of  the  cylindric  section  eg,  it 
follows  that  Qo  =  NG;  that  is,  from  what  has  gone  before, 

58  ar  —  az     .  he  +  hs^         ax    ,     hs     .    -,  ^       a     ^i 

,.--- l-^n or--  +  — +A  — a  — e  =  0.   As  the  re- 

solution  of  this  equation  depends  upon  the  rectification  of  the 
arc  Sy  we  can  only  substitute  the  value  of  s  in  terms  of  z,  by  an 
infinite  series  formed  of  z  and  its  powers ;  where  the  resulting 
equation  becoming  more  and  more  complex  and  embarrassing, 
as  a  greater  number  of  tenns  of  the  series  is  taken,  we  should, 
bj  piu*suing  it,  be  involved  in  a  very  long  and  tiresome  opera- 
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tion  :  to  avoid  this  we  shall  have  recodrse  to  the  following  taht^ 
calculated  by  M .  Pitot. 

This  table  containis  values  of  the  arcs  bn  =  s,  corresponding 
to  those  of  BQ  n;  z,  given  in  parts  of  the  diameter  As  =  2r, 
divided  into  200  parts.  This  granted^  having  found  by  the  pre-* 
ceding  article  the  value  of  ^,  we  reduce  A— a— c  to  one  number 

Only,  which  let  be  represented  by  n :  thealiave  we  —  4 rs 

n*     Lastly,  we  take  in  the  table  different  values  of  z  and  of  the 
corresponding  artb,  till  we  have  di^overed  that  which  render^ 

^  +  —  equal  to  the  number  n,  or  nearly  so. 

To  find  the  length  of  the  hydrophorous  arc  eCo,  having  de- 
termined the  arcs  am  and  bn,  it  is  proper  to  observe  that,  by 
tlie  formation  of  the  screw  (art.  2.X  the  length  of  one  of  the 
demi-spires  Aec  is  equal  t6  the  hypothenuse  of  a  right-aiigled 
triangle, of  which  amb  =  c,  and  bc  :^  A  are  the  legs:  thus 
the  demi-spire  asc  =  \/  (tr  +  hh).  If  now  we  put  m  for  the 
known  arc   mbn,  we  may  take  this  analogy,  viz.  amb  :  Aso 

: ;  MBN  5  ECO,,  or  c  :  •  (c*  -f-  A')  :  :  m :  ~  i/  (^*  +  **)  =  BCo, 

2tnd  thus  obtain  the  value  of  the  arc  which  carries  the  wateF,  or 
of  the  hydrophorous  arc  sought. 

Table  of  arcs  corresponding  to  part^  of  fadius  divided  into  100 

^ equal  parts. 


Pari  of 

Arcs  in  parts 

Arcs  in  d^g. 

Paris  of 

Arcs  in  parls 

Arcs  in  deg. 

radius. 

of  radius. 

and  iiiin. 

radius. 

of  radius. 

and  min. 

1 

k     1414 

8°  (/ 

IS 

60-88 

34°54' 

2 

20- 

11  28 

19 

62-62 

35  54 

3 

24-54 

14     4 

20 

64-31 

36  52 

4 

28-S5 

16  15 

^l 

65*94 

37  48 

5 

3172 

18  11 

%2 

67-57 

38  44 

6 

34  77 

19  56 

23 

69-1:7 

39  39 

7 

37-39 

21  33 

24 

70-74 

40  33 

8 

40-24 

23    4' 

25 

7273 

41  2.5 

9 

427 1 

24  29 

26 

73-73 

.42  16 

10 

45-06 

25  50 

27 

75-21 

43    7 

11 

47-30 

27    7 

28 

76-66 

43  57 

12 

49-45 

28  21 

29 

78-16 

44  46 

13 

51-52 

29  32 

30 

79-52 

45  35 

14 

.     53-52 

30  41 

31 

80-90 

46  22 

47  9 

15 

55-44 

3147 

32 

82  25 

16 

57*30 

32  51 

3S 

83-63 

47  56 

17 

59-16 

33  55 

1 

• 
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,  r$).  Example  of  the  calculation  of  an  hydropborous  arc.  For 
All  example  of  this  kind  of  calculation  for  the  length  of  the  hy- 
dropborous arc^Ecp,  let  us  take  the  diameter  ab  =  Qr  of  200 
partSy  the  height  eg  =:  A  =  .80  pf  the  same  parts,  bd  =  a  =  100 
parts;  then  th|e  semi^ciccumfereqce  am£  will  be  nearly  =314 
<)f  those  parts.    Substituting  the^e  values  in  the  expression  x  =s 

r y  (a*  c* — 4A*  r*)Xart.  7.),  there  results  ap  rr  ^  =  13*45 

p{  the  sanne  parts :  and  by  means  of  the  , table  just  given,  the 
ace  AK  JF=^>  is  found  n  53*3.     Substituting  these  values  of  ;r 

and  sin  the  ecjuation  — —  =:  e,  we  find  the  value,  e,  of  bf 

QrjRo:2z  6*B6. 

To  have  at  the  jame  time  the  value  of  bq  =^  z,  and  of  the 
arc  BN  ;wfaicb  we  now  call  s ;  these  values  of  a,  h,  c,  2r  and  e 

/nust  be  substituted  in  the  equation  -5-  +  —  ==  a  —  , A  -^^,50  ^s 

ix)  liave  z  +  jrz  =  5^*72.     By  means  of  the  precediujg  table  it 

i^  soon  found  that  bq  =  j?s  =  2rl,  ^nd  bn  ^.5  z:  6j6,  very 
nearly. 

Then  to  fin^  the  arc  mbn,  which  we  %ave  called  wi,  w^ 
have  the  whole  arc  ambn  =  314  +  66  n  380,  from  which  de- 
4ucting  the  arc  am  =  53*3;^  there  remains  mbn  -=1  mzn  326*7^ 
The  length  of  the  demi-spire  aec  =  v'(c*  +  A*)  =  324-03,- 

and  finally  —  v'<c*  +  A*)  =  337-13  the  length  of  the  hydro,. 

phprous  arc  ECO. 

10.  The  aiameter  of  the  cylinder  of  the  screw  being  given, 
mth  thai  of  the  tube  which  forms  the  spiral,  and  the  given 
length  of  the  screw,  to  find  the  quantity  of  water  carried  by  the 
huarophorous  arcs,  and  the  height  to  which  the  water  is  elevated, 
the  i/iclination  of  the  spiral  being  as  before. 

luGt  :^e  diameter  ^b  oi  ^he  scn^w  bi^  }  foot^  ,that  of  the  spiral 
tube  m  which  the  water  is  raised  ?  inches,  and  the  length  of  the 
screw  39  ^eet.  T^is  granted^  to  have  the  length  in  feet  and 
inches  of  an  hydropjborous  arc^  say,  as  the  200  parts  of  the 
diameter  of  the  table ;  1  foot  or  12  inches  :  :  337*13  before 
found  :  26-2278  inchieS;  the  real  length  of  the  hydropborous  arc. 
Every  siich  arc  then  carries  a  cylinder  of  water  3  inches  dia- 
meter and  20*2278  inch.i^s  long.  Let  us  x\^p.  enquiry  how  many 
such  arcs  there  will  be  iq  the  whple  length  of  the  screw^  or  30 
feet.  It  is  evident,  in  the  first  place,  that  every  tun^  or  convo- 
lution of  thp  helix  on  the  arbor  of  the  screw  carries  one  hydro*- 
pfaorous  arc :  to  find,  therefore,  the  number  of  turps,  it  must  bf , 
observed  that  the  height  bc  of  one  of  the  d^mi-spires  is  iir«uf 
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example  80  parts^  or  the  height  as  of  an  entire  spire  160  parts; 
the  diameter  ab  of  the  base^  which  is  1  foot;  being  200  of  those 
parts:  hence  200 :  12  :  :  160 :  9'6  inches,  the  height  of  one 
spire.  Dividing  the  inches  in  30  feet  by  9'6,  the  quotient  gives 
Uiore  than  37  for  the  number  of  spires ;  consequently  there  will 
be  37  hydrophprous  arcs.  The  quantity  of  water  in  all  these 
hydrophorous  arcs  is  equal  to  the  quantity  in  a  cylinder  the 
diameter  of  whose  base  is  3  inches,  and  height  =  20*2278  X 
37  =  748*4 28o  inches,  or  nearly  62|  feet.  Such  a  cylinder  of 
water  is  easily  found  to  weigh  191'3I3  lbs.  avoirdupois. 
'  We  have  now  to  determine  the  vertical  height  to  which  die 
screw  we  have  taken  for  an  example  will  elevate  the  water:  and 
this  may  be  accomplished  very  easily  ;  for,  the  triangles  adb^^ 
BYZ,  being  similar,  we  have  AD  :  ab  :  :  by  :  YZ  =  26*833  feet. 
Finally,  under  this  head,  to  find  the  angle  which  the  arbor  or 
axle  of  this  screw  makes  with  the  horizon,  say,  as  bd  :  ba  :  : 
rad. :  tan.  adb  =  tan.YBZ  the  angle  sought:  thus  the  angle 
YBZ  is  found  =  63**  26'. 

11.  Computation  of  the  force  requisite  to  turn  the  screw*-^ 
In  the  example  we  haVe  taken,  the  weight  of  the  water  con- 
tttined  in  the  37  hydrophorous  arcs  being  191*313  lbs.  to  find 
the  force  necessary  to  be  applied  at  the  circumference  of  the 
cylinder,  we  must  say,  according  to  the  rule  in  art.  ^4.  as  37 
times  the  circumference  of  the  cylinder's  base  (  ==  1395*714 
indies)  is  to  the  vertical  height  through  which  the  water  is 
elevated  (=:Q6L  10i.=322  inches),;  so  is  the  weight  of  water 
(=191-313  lj)s.)  to  the  weight  44*14  lbs,  equivalent  to  the 
force  which  must  be  applied  to  the  circumference  of  the  screw 
to  keep  it  in  motion  when  once  it  has  begun  to  turn.  But  if 
this  force  or  power,  instead  of  being  applied  at  the  circum- 
ference of  the  screw,  acts  by  a  handle  and  winch  at  the  distance 
df  10  inches  from  the  axis  of  the  cylinder,  the  requisite 
force  will  only  be  ^  or  |  of  the  former;  it  will,  therefore,  be 
26-48lbs. 

12.  Cowputation  of  the  quantity  of  water  which  the  screw 
will  raise  in  a  given  time. — ^I'o  find  the  quantity  of  water  raised 
by  the  screw  proposed  as  our  example,  we  must  know  the  velo^ 
ciity  with  which  the  assigned  force  carries  round  the  handle. 
Suppose,  for  instance,  the  handle,  and  consequently  the  screw, 
makes  one  rotation  in  5  seconds,  it  is  very  manifest  the  screyr 
will  then  expel  the  quantity  of  water  contained  in  1  hydro- 
phorous arc  in  5  seconds ;  and  in  37  times  5  seconds,  that  is  185 
Seconds  or  3"  5',  it  will  raise  a  quantity  weighing  191 '3 IS  lbs. 
To  find  the  quantity  raised  in  an  hour,  say,  as  1 85: 3600  (Seconds 
in  an  hour)  :  :  19I»313 :  371i)  lbs.  nearly.  Or,  if  the  quantity 
be  calculated  in  ale  gallons,  it  will  be  found  equal  to  $6^'62* 
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If  the  Velocity  with  whioh  the  handle  is  moved  be  tripled,  which 
ii  may  be,  without  rendering  the  work  too  fatiguing ;  the  quan- 
tity raised  will  be  tripled,  and  nearly  1094  gallons  will  be  raised 
^6  feet  lOincheSy  in  an  hour.  This  coincides  very  nearly  with 
Desaguliers's  estimate  of  the  water  which  a  man  can  raise  by 
lalmost  any  hydraulic  engine. 

.  IS.  Having  dwelt  thus  long  upon  the  theory  of  Archimedes's 
«crew,  but  little  remxiins  to  complete  our  observations.  It  is 
iobvious  from  what  has  been  remarked,  that  this  screw  can  never 
ndse  water  when  the  angle  which  the  central  line  of  the  spiral 
makes  with  the  base  of  the  cylinder  is  larger  than  the  angle 
included  between  the  base  of  the  cylinder  and  the  horizon ;  that 
IB,  it  is  always  necessary  that  baz  should  be  equal  to,  if  not 
greater  tjian,  bed  (fig.  6.  pi.  XXIV.)  In  practice,  indeed,  it 
is  adviseable  that  c al  be  between  40°  and  60^,  and  baz  —  bkd 
between  10^  and  20°.  The  mean  of  both  these  is  most  to  be 
recommended. 

Sometimes  Archimedes's  screw,  instead  of  being  worked  by 
inen  at  a  winch,  is  turned  by  means  of  float-boards  fixed  about 
the  circumference  of  its  lower  end,  upon  which  a  stream  %f 
water  acts :  if  the  water  have  a  moderate  fall,  it  will  have 
sufficient  efficacy  to  turn  two  screws,  one  above  another ;  the 
top  of  the  lower  screw  and  the  bottom  of  the  upper  screw  may 
act  the  one  upon  ttie  other,  by  means  of  a  wheel  upon  each 
with  an  equal  number  of  teeth  taking  into  each  other  :  in  this 
.case  the  upper  screw  will  turn  in  a  contrary  direction  from  the 
other,  and  consequently  the  spiral  tube  must  be  MOund  about 
Ihe  cylinder  in  an  opposite  direction.  A  solid  wheel,  or  a  light 
wheel  with  a  heavy  rim,  turning  upon  the  middle  of  the  screw 
as  an  axis,  will  operate  like  a  fly,  and  in  some  cases  be  very 
naeftil. 

.  In  the  preceding  investigations  no  notice  has  been  taken  of 
die  effects  of  the  air  included  in  the  spiral :  yet  if  die  spiral  had 
been  folded  upon  a  cone  instead  of  a  cylinder,  or  if  it  had  been 
formed  of  a  flexible  tube  of  varying  diameter,  these  effects 
Would  have  been  important :  some  of  them  are  considered  in 
.our  account  of  the  spiral  pump.  See  Hydraulic  Machines, 
No.  10. 

M.  Cagniardy  formerly  an  61ive  of  the  Polytechnic  School, 
has  struck  out  a  very  ingenious  application  of  Archimedes's 
screw.  He  employs  it  as  bellows,  in  a  machine  which  pro> 
duces  rotatory  motion 'by  means  of  a  reservoir  of  hot  water. 
When  the  screw  is  turned  in  the  direction  of  the  motion  of  the 
points  which  described  the  helices  of  which  its  threads  are  com- 
posed, the  Water  which  badies  the  lower  extremity  of  the  screw 
does  not  rise  in  its  thr^ads^  but  still  farther  descends  below  the 


S7«  MACHINES. 

screw^  being  Teplaced  by  the  exterior  air  whicb  escapes  dirobgh 
die  orifices  of  these  threads.  Thus  M.  CagDiard  causes  &e 
air  to  descend  to  the  bottom  of  a  vessel  full  of  H-ater  of  the 
temperature  of  the  atmosphere :  another  vessel  filled  with 
water  to  1 80**  or  200®  (of  Fahrenheit)  contains  a  cylinder  v^hich  is 
moveable  on  its  axis,  and  is  entirely  immersed  in  the  water :  this 
cylinder  is  furnished  with  spouts  in  the  direction  of  its  lengdi. 
The  cold  air  passes  from  the  bottom  of  the  first  vessel  to  that 
of  the  second,  by  means  of  a  syphon ;  it  enters  the  spouts  of  the 
cylinder,  there  becomes  heated,  and  forces  the  cylinder  to  turn* 
The  rotatory  motion  of  the  axis  of  the  cylinder  is  transmitted 
to  the  axis  of  the  Archimedean  screw,  and  the  motion  of  die 
cylinder  is  continued  solely  by  the  action  of  the  hot  water  upoa 
the  atmospheric  air. 

For  various  purposes  to  which  this  improvement  may  be  ap^ 
plied,  see  Hachette,  Traiic  des  Machines,  p.  149 — 154. 

SHIP  Block  Machinery.    See  Block, 

SHOEMAKERS'  implement,  to  enable  them  to  work  in 
a  standing  posture.  Such  an  instrument  has  been  contrived  by 
Mr.  Thomas  Holden  of  Fettleworth,  Sussex ;  and  its  inventor 
rewarded  with  fifteen  guineas  by  the  Society  of  Arts.  It  re* 
aembles  a  stand,  such  as  is  used  for  reading-desks ;  at  the  top 
of  which  is  a  small  block  of  wood,  excavated  so  as  to  form  t 
proper  bed  for  the  last,  and  the  moulds  or  instruments  used  m 
making  boots,  which  are  kept  firm  upon  it,  by  a  stirrup  or 
endless  strap.  The  hollow  block  is  joined  into  another  piece 
(which  connects  it  to  the  stand),  so  as  to  admit  of  a  vertical 
motion ;  and  it  is  retained,  at  any  angle,  in  this  motion,  by  a 
circular  catch,  with  notches  formed  in  its  side,  to  fasten  it  on 
an  iron  catch  projecting  from  the  lower  piece.  This  lower 
piece  is  shaped  into  a  small  cylinder  beneath,  which  entering' 
into  a  hdle  formed  for  it  on  the  top  of  the  pillar  of  the  standi 
permits  the  hollow  block  to  be  moved  round  about,  vatfaouil 
stirring  the  stand ;  so  that,  by  the  combination  of  these  two 
motions,  it  may  be  placed  in  any  position.  Behind  the  hollow 
block,  and  on  a  level  with  it,  an  horizontal  piece  of  board  is 
supported  by  a  small  pillar,  rising  from  one  of  the  feet  of  the 
stand,  and  secured  firmly  by  a  brace  to  the  stand  itself;  this  board 
supports  the  tools  and  implements  wanted,  ready  at  hand  for  the 
workman's  use. 

The  design  of  this  invention  is  to  obviate  the  necessity  of 
using  that  very  unwholesome  posture  in  which  shoemakers  are 
accustomed  to  work ;  which  compresses  the  lungs  and  boweli 
in  such  a  manner,  as  to  occasion  consumption,  infiammation  of 
the  bowels,  and  a  variety  of  other  frightful  complaints.  ^ 

The  efficacy  of  the  alteration  of  posture  permitted  by  this 
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BDStrament,  which  enables  the  workman  to  stand  at  his  work,  is 
very  well  proved  in  the  case  of  the  inventor  of  it;  who  has 
produced  a  medical  certificate,  that  he  was,  for  many  years,  so 
afflicted  with  bowel  complaints  and  piles,  that  he  was  under  the 
necessity  of  leaving  off  his  trade  entirely,  if  he  could  not  contrive 
to  work  standing  ;  and  that,  since  he  has  made  use  of  this  im- 
plement, his  complaints  are  entirely  removed,  and  he  is  so 
improved  in  flesh  and  couutenance,  that  he  *^  looks  not  like  the 
same  man;"  and,  for  some  years,  has  had  no  occasion  for 
medicine.  He  has  made  many  hundred  pair  of  shoes  on  this 
Btand,  and  recommends  also  its  use,  as  '^  the  quickest  way  of 
closing  all  the  thread  work." 

This  implement  might  be  made  still  more  simple,  by  leaving 
out  the  part  used  to  give  the  hollow  block  a  circular  motion, 
which  does  not  appear  always  necessary,  from  the  facility  which 
the  workman  has,  when  standing  at  it,  to  place  himself  instantly 
at  any  side  of  the  work  he  pleases ;  it  would,  as  appears  to  us, 
be  full  as  little,  if  not  less,  trouble  to  him  to  let  the  instrument 
remain  unmoved,  and  turn  himself  round  instead  of  it,  as  to 
stand  still  while  he  turned  it  about :  though  a  small  quantity  of 
l^it  confined  to  one  direction  may  in  some  cases  render  the 
kicreased  apparatus  necessary. 

A  wooden  vice  of  a  proper  height,  fixed  to  a  stake,  and 
secured  even  by  a  wedge,  if  a  screw  should  be  deemed  ex- 
pensive, would  also  hold  a  last  in  any  position  required  for  the 
workman. 

Another  contrivance  for  this  purpose  by  Mr.  J.  King,  has 

been  lately  recommended  by  the  same  society.     The  machine 

consists  of  an  oblong  frame  of  wood  of  two  sides,  with  cross 

pieces.     Tt  may  be  conveniently  fixed  in  a  situation,  and  at  a 

proper  height  for  working,  by  screwing  down  to  a  window-cill, 

by  means  of  two  screws,  such  as    are  used  for  bedsteads. 

These,  and  an  iron  bracket,  extending  from  the  front  of  the 

machine,  being  screwed  against  the  wainscot,  support  the  ma- 

obime  very  steadily ;  or  a  stand,  consisting  of  proper  legs,  may 

ed,  if  preferred.     The  external  parts  of  the  machine  are 

>d  with  leather,  so  as  to  become  like  cushions  to  support 

ty  and  it  is  held  down  by  a  strap,  which  has'  a  loop  or 

at  the  bottom,  for  the  foot.     The  principal  novelty  of 

ation  consists  in  a  lever,  .which  is  attached  by  an  iron 

wire,  upon  which  it  moves  as  a  centre ;  and  when  that 

ti.its  place,  ^  small  point  or  beak  of  iron  enters  into- 

vin  an  iron  plate ;  and  the  other  end  of  the  lever' 

\  on  a  stop,  which  lias  several  holes  in  it.     The  end 

\»i  uiv  «v  •  -  *  'IS,  also,  a  little  iron  beak,  which  enters  these  holes. ' 

rbuS>  when  the  lever  is  down,  it  becomes  an  immoveable  cross- 
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bar  of  the  frame,  aiid  tfie  last  may  be  held  or  wedged  in  betweeQ 
this,  and  either  slide  of  tlie  frame,  and  held  down  by  the  strap* 
But  to  adjust  the  width  of  the  opening,  on  which  the  last  lies^ 
ppthing  morjB  is  necessary  than  to  IJft  Vip  th^  lever,  so  that  tfajB 
point  clears  the  holes  of  the  plate,  then  sliding  the  link  along 
the  wire,  to  the  intended  width,  and  shutting  it  down  again,  the 
beak  or  point  enters  itonie  other  hole  of  the  plat^,  and  hold^ 
the  lever  fast  in  the  new  position,  so  as  to  adapt  it  to  the  width 
pf  any  last,  or  to  hold  it  in  any  position,  at  pleasure. 

]Mr.  King  observes  that,  at  other  times,  the  last  is  held  dowipr 
Ji>y  the  foot-strap  pressing  the  lever  upon  itt — that  the  machine 
forms  an  universal  vice,  supporting  and  holding  the  last  firnJy 
down  jupon  the  crossbar,  m  any  required  position.  Two  stiff 
pieces  of  sole*leather  are  also  fixed  in  the  frame,  which^  io  ceir* 
tain  positions,  supports  the  last. 

SIPHON.     See  Crane. 

SPIRAL-PUMP,  at  Zurich.  See  Hydraulic  Engine^^ 
No.  10. 

STEAM-ENGINE,an  engin.e  originally  contrived  for  raising 
water  by  means  of  the  expansive  force  of  the  steam  or  vapotif 
produced  from  water  or  other  liquids  in  a  state  of  ebullition. 
This  has  been  often  called  the  Fire-engine,  because  of  the  fire 
nsed  in  boiling  the  liquid;  but  the  latter  term  has,  of  late, been 
properly  confined  to  machines  for  extinguishing  fires.  The 
steam-engine  is  justly  deemed  one'  of  the  most  curious,  im* 
portant,  and  serviceable  mechanical  inventions,  not  only  of 
modern,  but  of  any,  times ;  particularly  when  it  is  considered 
with  regard  to  some  of  its^  late  improvements,  which  render  it 
applicable  to  all  kinds  of  mill*\vork,  to  planing,  sawing,  boring^ 
and  rolling  machines,  and  indeed  to  almost  every  purpose  that 
requires  a  powerful  first-mover,  Avhose  energy  may  be  modifiea 
at  the  pleasure  of  the  mechanist. 

The  principles  and  manner  of  operation  of  the  steam-enginef 
of  Savery,  Newcomen  and  Cawley,  and  of  Watt,  may  be  under- 
stood from  the  following  brief  explanations  and  remarks,  which 
are  meant  as  preparatory  to  the  more  detailed  accounts  of  se^ 
veral  engines  with  which  we  have  been  favouredw 

1 .  Let  there  be  a  sucking  pipe  with  a  valve  opening  upwards 
at  the  top,  communicating  with  a  close  vessel  of  water,  not- 
more  than  thirty-three  feet  above  the  level  of  the  reservoir,  and; 
the  steam  of  boiling  water  be  thrown  on  the  surface  of  the  water 
in. the  vessel,  it  will  force  it  to  a  height  as  much  greater  tban^ 
thirty-three  feet  as  the  elastic  force  of  the  steam  is  ^eater  tfaaitf 
that  of  air;  and  if  the  steam  be  condensed  by  the  injection  o£ 
cold  water,  and  a  vacuun^  thus  formed,  the  vessei^wili  be  filled' 
from  the  reservoir  by  the. pressure  of  the  atmosphere;  aiifl'the 
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steam  being  admitted  as  before,  this  water  will  also  be  forced 
;  and  so  on  successively. 

Such  is  the  principle  of  the  first  steam-engine,  said  by  the 
nglish  to  be  invented  by  the  marquis  of  Worcester;  while  the 
rench  ascribe  it  to  Papin :  though  we  believe  the  fact  is  that 
JBrancaSy  an  Italian,  applied  the  force  of  stcaip  ejected  from  a 
hii^e  qclopile  as  an  impelling  power  for  a  stamping-engine  so 
early  as  1629.  The  hint  so  obscurely  exhibited  in  die  marquis 
of  Worcester's  Century  of  Inventions  (see  the  word  VVor- 
jCESTBR  in  this  alphabetical  arrangement)  was  carried  into  effect 
by  captain  Savery. 

'   2*  If  the  steam  be  admitted  into  the  bottom  of  a  hollow 
(Cylinder,  to  which  a  solid  piston  is  adapted,  the  piston  will  be 
forced  .upwards  by  the  difference  between  the  elastip  forces  of 
steam  and  common  air;  and  the  steam  being  then  condensed, 
the  piston  will  descend  by  the  pressure  of  the  atmosphere,  and 
no  on  successively.     This  is  the  principle  of  the  steam-engine 
first  contrived  by  Messieurs  Newcomen  and  Cawtei/,  of  Dart- 
mouth.    This  is  sometimes  called  the  atmospherical  engine, 
^nd  is  commonly  a  forcing-pump,  having  its  rod  fixed  to  one 
end  of  a  lever,  which  is  worked  by  the  weight  of  the  atmo- 
sphere upon  a  piston  at  the  other  end,  a  temporary  vacuum 
being  made  below  it  by  suddenly  condensing  the  steam,  that 
had   been   admitted   into  the   cylinder  in  wiiich   this  piston 
works,  by  a  jet  of  cold  water  thrown  into  it.     A  partial  vacuum 
being  thus  made,  the  weight  of  the  atmosphere  presses  down 
the  piston,  and  raises  the  other  end  of  the  straight  lever,  toge- 
ther with  the  water,  from  the  well.     Then  immediately  a  hole 
ift  uncovered  in  the  bottom  of  the  cylinder,  by  which  a  fresh 
Quantity  of  hot  steam  rushes  in  from  a  boiler  of  water  below 
it,  which  proving  a  counterbalance  for  the  atmosphere  above 
the  piston,  the  weight  of  the  pump-rods,  at  the  other  end  of 
the  lever,  carries  that  end  down,  and  raises  the  piston  of  the 
steam-cylinder.     The  steam  hole  is  then  immediately  shut^ 
a^  a  cock  opened  for  injecting  the  cold  water  into  the  cy- 
linder of  steam,  which  condenses  it  to  water  again,  and  thus 
making  a  vacuum  below  the  piston,  the  atmosphere  again 
Presses  it  down  and  raises  the  pump-rods,  as  before ;  and  so  on 
continually. 

3.  The  great  features  of  improvement  made  by  Mr.  Wait 
upbn  the  engine  of  Newcomen  and  Cawley  are,  as  Mr.  Nichol- 
son reoiarks,  first,  that  the  elasticity  of  the  steam  itself  is  used  as 
the  active  power  in  this  engine;  and  secondly,  that  besides 
various  other  judicious  arrangements  for  the  economy  of  heat, 
hi  condense*  the  steam,  ^ot  in  the  cylinder,  but  in  a  separate 
Viesset. 
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In  the  cylinder  or  syringe,  concerning  which  \ye  have  spokep^ 
in  mentioning  th.e  engine  of  Newcomen^iet  us  suppose  the  upper 
part  to  be  closed,  and  the  piston-rod  to  slide  aiNtight  through  9 
collar  of  leathers.  In  this  situation,  it  is  evident  that  the  pistoa 
might  be  depressed  by  throwing  the  steam  upon  its  upper  sur- 
face, through  an  aperture  at  tne  superior  end  of  the  cylinder. 
But  if  we  suppose  the  external  air  to  have  access  to  the  Ipjvey 
surface  of  the  piston,  we  shall  find  that  steam  no  stronger  in  it^ 
elasticity  than  to  eoual  the  weight  of  the  atmosphere  would  not; 
move  the  piston  at  all ;  and  consequently  that  this  new  engine  would 
require  much  denser  steam,  and  consume  much  more  fuel,  than 
the  old  engine.  The  remedy  for  this  evil  is  to  maintain  a  con-7 
stant  vacuum  beneath  the  piston.  If  such  a  vacuum  were  ori-. 
ginally  produced  by  steam,  it  is  certain  that  its  permanency 
could  not  be  depended  on,  unless  the  engine  contained  a  provi« 
sion  for  constantly  keeping  it  up.  Mr.  Watt's  contrivance  iq. 
his  simplest  engine  is  as  follows :  The  steam  is  conveyed  fromi 
the  boiler  to  the  upper  part  of  the  cylhider  through  a  pipe, 
which  also  communicates  occasionally  with  the  lower  part, 
and  beyond  that  space  with  a  vessel  immersed  in  a  trough  of 
water;  in  Mhich  vessel  the  condensation  is  performed  by  an  in-j 
jected  stream  of  cold  water.  This  water  is  drawn  off,  not  by  an 
eduction-pipe  but  by  a  pump,  of  which  the  stroke  is  sufficiently 
capacious  to  leave  room  for  the  elastic  fluid,  separated  during, 
the  injection,  to  follow  and  be  carried  out  with  the  inject^oa 
water.  Suppose  now  the  piston  to  be  at  its  greatest  ele'vatibn, 
and  the  communication  frdm  the  boiler  to  the  upper  as  well  as 
to  the  lower  parts  of  the  cylinder  to  be  openedl  The  steam 
will  then  pass  into  the  whole  internal  part  of  the  engine,  and 
wall  drive  the  air  downwards  into  the  condenser,  and  thencei 
through  the  valves  of  the  air-pump.  In  this  situation,  if  the 
communication  from  the  boiler  to  the  lower  part  of  the  cylinder 
be  stopped,  and  an  injection  be  made  into  the  condenser,  a 
vacuum  will  be  produced  in  that  vessel,  and  the  steam  con- 
tained in  the  lower  part  of  the  cylinder  and  communication 
pipe  will  expand  itself  with  wonderful  rapidity  towards  thq 
condenser,  so  that  in  a  period  of  time  too  mintite  to  be  appre^ 
ciated,  the  whole  of  the  steam  beneath  the  piston  will  |je 
practically  condensed.  The  steam  which  continues  to  act 
above  the  piston  will  immediately  depress  it  into  the  vacuum 
beneath;  at  the  same  time  that  by  connexion  with  the  ex- 
ternal apparatus  the  piston  of  the  air-pump  also  descends  in  its 
barrel.  When  the  stroke  is  nearly  completed  downwards,  the 
requisite  part  of  the  apparatus  shuts  the  communication  witl^ 
the  boiler,  opens  that  between  the  upper  and  lower  parts  of  the 
cylinder  and  condensing  vessel^  and  turns  the  injection-cock« 
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^t  this  very  instant  the  piston  loses  its  tendency  to  desce^id, 
tiecause  the  steam  presses  equally  on  both  surfaces^  and  con- 
tinues its  ec[uaUty  of  pressure  while  the  condensation  is  per* 
formed.  It  therefore  rises;  the  injection  is  stopped;  and  the 
air-pump  liiaking  its  stroke^  suffers  the  injection  water  and  a 
considerable  p^rt  of  the  elastic  fluid  to  pass  through  its  lower 
valve.  The  vacuum  is  thus  kept  up  through  the  whole  interual 
capacity  of  the  engine.  As  soon  as  the  piston  has  reached  the 
iipp<et'  part  of  the  cylinder^  the  communication  to  the  under 
l^rt  of  the  cylinder  is  stopped^  and  that  with  the  boiler  opened, 
sis  before ;  the  consequence  of  which  is,  that  the  piston  again 
descends  ;  and  in  this  manner  the  alternations  repeatedly  take 
plac^. 

The  principal  augmentation  of  power  in  this  engine,  cons- 
pared  with  that  of  Newcomen,  arises  from  the  cylinder  not 
being  cooled  by  the  injection  water,  from  its  being,  practicable 
to  use  steam,  which  is  more  powerful  than  the  pressure  of  the 
atmosphere,  and  from  tlie  employing  of  this  ^team  both  to 
elevate  and  to  depress  the  piston.  In  general,  these  engines  are 
worked  by  steam,  which  would  support  a  column  of  four  or 
five  inches  of  mercury  besides  the  pressure  of  the  atnH>sphere, 
and  8ome|imes  more;  for  Mr.  Nicholson  says,  he  has  some- 
times seen  the  gage  as  high  as  eight  inches.  Mi'.  Watt  has 
ihade  several  successive  modifications  and  additions  to  the 
engine  just  described,  some  oi  which  will  be  further  spoken  of 
id  the  course  of  this  article. 

In  the  first  edition  of  this  work  there  was  inserted  a  history 
of  the  successive  improvements  in  steam-engines  by  Mr.  J.  C. 
Homblower^;  instead  of  which  1  shall  now  insert  an  abridge- 

•  As  I  have  been  exposed  to  much  calumny  and  misrepresentation  fof 
admitiiiYg  that  historic  sketch  into  my  work^  I  beg  to  remark  that  I  did  it 
iolely  from  motives  of  benevolence.  Till  the  time  my  second  volume  ^as 
preparing  for  the  press,  1  knew  nothing  of  Mr.  Hornblower:  but  a  friend  of 
mine,  on  whose  judgment  I  placed  great  reliance,  who  was  well  acquainted 
with  Mr.  H.,  and  thought  highly  of  his  moral  character,  as  well  as  of  his 
mechanical  skill,  had  a  full  persuasion  that  through  a  series  of  unfortunate 
circumstances,  he  had  never  had  justice  done  him,  and  urged  me  to  allow 
Mr.  Hohiblower  to  tell  his  own  story.  I  yielded  to  his  solicitations ;  and  ia 
consequence  exposed  myself  to  the  malevolence  of  certain  writers,  who  in 
one  short  note  of  ten  lines  {Edin.  Rev,  vol.  xiii.  p.  327),  published  four 
positive,  wilful  falsehoods,  for  the  honourable  purpose  of  injuring  my  re- 
putatibn.  I  however  forgive  them,  although  they  treated  me  unjustly ;  and 
tfust  they  will  ere  now  have  forgiven  me,  for  permitting  an  injured  (though 
perhaps  hasty)  man  to  defend  his  own  cause,  and  that  of  his  family.  He 
IS  now  beyond  the  reach  of  those  who  wished  to  promote  his  welfare,  as 
well  as  of  those  who,  by  unfairly  depreciating  his  character,  involved  him  in 
niin.  His  latter  years  were  rendered  comfortable,  not  by  the  liberality  of 
his  own  countrymen,  but  of  an  opul^it  and  scientific  Swede,  who  knew 
hovrio  appreciate  and  torevimrd  his  merit  as  an  engineer. 
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ment  of  th^t  history^  and  of  the  Edinburgh  Reviewer^s  repTj  ta 
it,  as  given  in  the  fifth  voUime  of  the  *'  Retrospect  of  Philo- 
sophical and  Mechanical  Discoveries/'  &c. 

4.  Mr.  ffornhlower's  account  of  the  Steam-engine: — After  • 
remarking  that  it  is  unnecessary  to  dwell  upon  the  early  pai  t  of 
this  history,  already  treated  by  Desaguliers  and  his  followers^ 
Mr.  Hornblower  observes,  there  are,  however,  some  particulars 
during  this  period  which  deserve  notice.  One  of  these  relates. 
to  Desaguliers's  account  of  the  method  of  leathering  the  piston, 
in  which  Mr«  H.  thinks  he  has  erred  in  stating  it  to  have  been, 
discovered  by  accident.  Another  respects  what  he  sisiys  of  an 
experiment  made  by  Mr.  Beighton,  with  a  view  of  ascertaining 
the  comparative  magnitude  of  such  steam  as  was  general^ 
used  for  working  an  engine,  iii  respect  to  the  <}uanti,(y  of  water 
from  which  it  was  produced,  and  which  is  stated  to  be  in  the 
ratio  of  13,33jB  to  1;  but  which  Mr.  H.,  from  Mr.  Beig\i ton's 
statement/  calculates  at  2,655}  to  1 ;  and  he  considers  even  this 
to  be  more  than  what  may  be  observed  in  some  of  the  most 
improved  engines  of  the  present  time.  He  also  conceives  ibkt, 
experiments  of  this  nature  and  date  have  either  been  conducted 
or  related  in  so  loose  and  inaccurate  a  manner^  that  little  de- 
pendence can  be  placed  upon  the  results. 

Friction  and  inertia  were  at  this  time  considered  as  the  two, 
grand  objects  which  the  engineer  had  to  overcome :  and  some 
different  modes  of  condensation  were  tried,  but  without  much 
advantage  being  derived  from  them.  The  water  in  the  piston^ 
whenever  it  was  a  tight  one,  became  hot,  and  a  considerable 
degree  of  heat  was  expended  in  its  evaporation.  Several  im- 
provements, however,  were  attempted  in  the  construction  of 
boilers,  some  of  which  succeeded  and  are  still  in  use:  but  tfaje 
grand  obstacle  was  to  be  surmounted  by  Mr.  Watt.  Previous  to 
Mr.  Watt's  improvements,  the  boring  of  the  cylinders  had  been 
executed  in  a  very  imperfect  manner;  and  in  several  of  those, 
engines  in  which  the  water  obtained  from  the  mines  was.  used 
for  condensing  the  steam,  this  tlefect  soon  became  so  much  in- 
creased by  its  corroding  properties,  that  it  was  almost  impos- 
sible to  keep  the  piston  tight,  and  in  some  cases  the  packing 
was  rammed  so  hard  as  to  sustain  the  whole  pressure  of  th« 
atmosphere. 

Such  was  the  general  state  of  this  engine  when  Mr.  Watt 
obtained  his  patent  in  1769,  and  engaged  to  grant  licenses  for 
the  use  of  his  improved  engines,  on  the  condition  of  receiving 
one  third  of  the  advantage  which  should  result  from  the  saving 
of  fuel  in  working  those  of  his  construction.  Much  of  the 
•iierit  ascribed  to  Mr.  Watt,  for  the  improvement  in  boring  the. 

hnders,  Mr.  H.  says  is  really  due  to  Mr.  WiUdntoti^  wiA 
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Vrhom  it,  as  well  as  most  of  what  related  to  the  iron-foundery, 
originated.  The  method  of  condensing  the  steam  in  a  separate 
vessel  is  likewise  said  to  have  been  discovered  by  a  Mr.  Gains- 
borough, about  the  time  that  Mr.  Watt  was  engaged  in  bringing 
forward  his  improvements^,  and  communicated  to  Mr.  Watt  by 
an  officious  acquaintance  of  Mr.  Gainsborough. 

An  attempt  had  been  made  before  this  time  to  drain  some  of 
th'e  deep  mines  of  Cornwall,  by  a  new  application  of  Savery^s 
engine,  furnished  with  an  apparatus  for  opening  and  shutting 
the  usual  communications  by  means  of  cocks  and  valves.  lu 
this  application  it  was  proposed  to  employ  the  force  of  steam 
expansively  with  a  stratum  of  air  between  it  and  the  water,  to 
prevent  its  condensation ;  and  Mr.  Blakey  obtained  a  patent  for 
his  improvements:  Cut  one  of  the  steam- vessels  bursting  before 
the  steam  had  attained  a  sufficient  power  for  the  intended  pur* 
pose,  shewed  the  impracticability  of  the  scheme,  and  it  waa 
abandoned. 

Mr.  tiornblower  thinks  that  those  who  have  attempted  to 
estimate  the  defects  of  Newcomen's  engine  have  erred  in  stating 
ihe  vacuum  to  be  such  only  as  would  cause  a  weight  to  be  raised 
of  about  li  pounds  for  every  square  inch  of  the  piston  ;  and  says 
that  the  column  of  water  alone  was  equal  to  that  weight  inde- 
pendent of  both  friction  and  inertia,  which  were  very  consider- 
able; he  also  adds,  that  he  tried  the  vacuum  of  several  engines 
in  Cornwall,  and  found  that  which  was  least  to  bear  a  load  of 
11 '6  pounds  on  thd  square  inch.  Another  error  has  been  com<« 
mitted  with  regard  to  the  purport  of  the  counter-weight  attached 
to  the  outer  end  of  the  lever,  which  has  been  stated  to  be  em- 
ployed to  overcome  part  of  the  pressure  of  the  atmosphere  at 
the  return  of  the  stroke  of  the  engine :  "  that  is  not  the  case^** 
It  is  used  for  the  purpose  of  regulating  the  speed  oFthe  engine's 
working,  and  both  the  weight  and  the  end  of  the  lever  on  which 
it  is  placed  ar^  to  be  varied  by  the  attendant  according  to 
circumstances ;  the  three  principal  of  these  that  require  to  be 
attended  to  in  this  regulation,  are,  '^  first,  that  the  pump- 
buckets  shall  descend,  but  without  such  force  as  may  en- 
danger the  breaking  of  the  pump-rods;  secondly,  that  this  de- 
scent shall  nevertheless  be  as  quick  as  possible:  but,  thirdly,  that 
it  shall  not  impede  the  discharging  functions  of  the  engine." 
With  respect  to  the  application  of  steam,  the  old  atmospheric 
engine  possesses  one  advantage  which  Mr.  Watt's  single  en- 
gine does  not  admit.  In  mimping  water  from  mines  it  is 
necessary  that  the  speed  of  the  enjgine  should  be  regulated 
according  to  the  influx  of  the  water;  and  iu  the  old  engine 
thia  U  eflfected  by  merely  regulating  the  intensity  of  the  fire,  as 
by  tlus  means  the  force  of  the  steam  ort  the  lower  side  of  the 
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piston  may  be  varied  from  an  equilibrium  with  the  pressure  of 
the  atmosphere  tbexceeditby  two  pounds  on  each  square  inch  of 
the  piston^  which,  in  a  cylinder  of  60  inches  in  diameter,  amounts 
to  a  force  of  7,200  pounds.  This  advantage,  however,  relates 
only  to  the  working  of  pumps ;  for  since  its  application  to  the 
purposes  of  giving,  motion  to  mil  I- work, .  it  has  been  a  desi- 
deratum to  maintain  a  uniform  force  or  action  on  the  crank,  in 
order  to  produce  the  same  effect  on  the  fly.  When  the  engine 
"was  first  applied  for  the  purpose  of  producing  rotative  motion, 
it  had  not  the  advantage  of  a  double  stroke,  as  at  present;  and 
the  mode  of  equalizing  the  strokes  was  by  a  rod  which  con- 
nected the  engme  and  the  mill  together,  or  a  weight  laid  on 
that  end  of  the  lever.  This  mode,  when  applied  to  the  old 
engine,  required  that  the  work  to  be  performed  by  it  was  nearly 
of  a  uniform  nature  during  the  time  of  its  action.  But  Mr. 
Watt  accommodated  this  circumstance  in  his  single  engine  by 
rendering  the  discharge  constant,  and  not  liable  to  be  affected 
by  any  variation  in  the  resistance,  and  checking  the  entrance  of 
steam  by  a  contrivance  that  prevents  the  plenum  valve  from 
opening  to  its  greatest  extent.  The  first  notice,  however,  of  a 
rotative  motion  being  communicated  by  the  steam-^engine  was^ 
about  the  year  1778,  when  Mr.  Washbrough  obtained  a  patent 
for  that  principle,  and  applied  it  at  his  own  works  for  turning 
lathes,  and  other  purposes. 

The  valve  by  which  the  air  is  discharged,  and  called  the 
blowmg  valve,  Mr.  H.  says,  was  not  applied  to  any  of  Mr* 
Watt's  engines  previous  to  his  going  into  Cornwall,  as  before 
that  time  this  operation  was  usually  performed  by  a  temporary 
brake  attached  to  the  discharging  pump.  This  valve  was  first 
applied  by  Mr.  Hornblower  at  an  engine  on  a  mine  called  Ting 
Tong,  which  he  erected  for  the  proprietors,  and  not  for  Messrs, 
Boulton  and  Watt,  as  has  been  stated. 

^  The  most  novel  circumstance  in  the  operation  of  Mr.  Watt* 
single  engine,  and  which  is  a  fine  accompaniment  of  the  improver'* 
principal  object,  is,  that  when  the  steam  has  acted  on  the  piston 
to  the  limits  of  the  stroke,  it  is  permitted  to  re-enter  the  cylinder 
below  the  piston.  "  It  generally  happens  in  engines  erected  for 
pumping  water,  that  they  are  calculated  to  go  deeper  than  the 
present  bottom  of  the  mine;  and  therefore,  if  all  the  steam  which 
enters  the  cylinder  for  one  stroke  was  to  be  condensed,  the  en- 
gine would  act  with  its  whole  power,  and  the  effect  would  be  to 
destroy  itself:  on  which  account,  in  engines  thus  circumstanced, 
the  injection  is  to  be  stopped  long  before  the  termination  of 
the  stroke,  which  leaves  a  residuum  of  steam  at  the  bottom  of 
the  cylinder,  that  proves  an  effectual  banking  to  the  piston; 
even  so  far  as  to  support  it  when  the  chains  to  which  it  is 
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{appended  have  becDHie  quite  slack  by  the  momentum  given 
to  the  lever  during  the  action  of  the. steam  on  the  piston.  We 
believe  it  was  this  circumstance  that  indicated  to  Mr.  Watt  the 
advantage  of  shutting  off  the  steam  from  the  boiler  soon  after 
the  commencement  of  the  stroke." 

As  the  valve  which  must  be  opened  at  each  succeeding  stroke 
of  the  engine^  in  order  to  secure  its  action^  is  kept  down  by  a 
weight  equal  to  the  pressure  of  the  atmosphere^  added  to  the 
elasticity  of  the  steam  above  that  pressure ;  and  it  is  necessaiy 
that  this  valve  should  be  opened  as  quickly  as  possible;  in  large 
engines  it  requires  a  considerable  force  to  enect  it  in  such  a 
manner  as  not  to  impede  the  performance  of  the  engine.  Mr. 
Hornblower  says  that  it  was  suggested  to  Mr.  Watt  to  make  the 
valves  double,  by  placing  a  small  one  in  the  middle  of  the  larger, 
and  it  was  adopted^  but  the  difficulty  of  keeping  them  in  com- 
plete repair  caused  the  method  to  be  given  up.  In  all  the  best 
engines  a  weight  or  spring  was  applied  for  the  purpose  ot 
opening  this  valve.  But  Mr.  Jos.  Hornblower  is  said  to  have 
constructed  this  valve  on  a  new  principle,  in  order  to  effect  this 
purpose  more  completely,  and  his  nlode  is  here  preferred  to  any 
that  had  been  previously  in  use. 

Such  ^as  the  state  of  Mr.  Watt's  improvements  and  of  hit 
single  engine,  when  new  wants  gave  rise  to  new  inventions. 
Some  of  the  Cornish  miners  wished  to  carry  their  works  to  a 
greater  depth  than  could  be  conveniently  done  by  the  engines 
then  in  common  use,  and  Mr.  Watt  invented  his  donble-stroke 
engine.  In  the  single  engine,  the  piston  is  connected  to  the 
lever  by  chains  lying  on  the  arch  of  the  inner  end,  but  in  this  it 
must  be  connected  by  a  mode  that  will  render  the  rod  rigid  in  • 
its  action  upward;  and  this  Mr.  Watt  has  effected  by  a  most 
ingenious  system  of-transverse  joints  which  compels  the  rod  to 
a  motion  parallel  to  itself.  At  the  other  end  of  the  lever  a  rod 
connects  the  motion  of  the  engine  to  a  fly,  by  the  application  of 
one  wheel  fixed  on  the  axis  of  the  fly,  and  another  on  the  rod 
that  is  connected  to  the  lever.  But,  as  simplicity  is  always  a 
desideratum  in  the  construction  of  machinery,  Mr.  Hornblower 
gives  the  preference  to  a  simple  crank  with  a  fly  of  such  weight 
as  may  have  the  required  momentum  with  a  less  velocity.    . 

A  patent  was  taken  out  in  1781,  for  an  improvement  on  Mr. 
Watt's  single  engine  by  Mr.  Jonathan  Hornblower  of  Penrhyn.  ( 

This  improvement  consisted  in  obtaining  a  greater  power  by  a 
complicated  force  of  the  steam  than  could  be  obtained  by  its 
simple  action  in  the  common  mode.  This  is  effected  by  the 
use  of  two  cylinders  of  different  capacities.  And  Mr.  H.  after 
inquiring  into  the  effect  of  using  steam  accorcling  to  each  of 
tliese  modes,  compares  the  resuhs  together  as  follows:  ^'  If  we 
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obtain  the  accumulated  pressure  by  taking  a  meaii   of  iUr 

extremes,  we  shall  find  Mr.  Watt's  application  to  be  — ^ 

n  QO,  leaving  12lbs.  at  the  termination  of  the  stroke.  The 
application  of  the  principle  in  the  present  instance,  by  taking. 

the  mean  of  the  extremes,  will  be — =2 1,  leaving  18  at 

the  termination  of  the  stroke;  which,  in  point  of  adv£)ntage 
in  favour  of  the  double  cylinder,  is  as  3  to  2,  a  point  of 
no  small  magnitude  in  the  practical  application  of  this  prin- 
ciple, and  which  seems  to  nave  been  overlooked  by  all  those 
who  have  taken  up  the  subject."  Mr.  Hornblower  is  here 
stated  to  have  entered  upon  this  project  in  the  year  1776,  and 
continued  it  until  he  had  made  a  large  working  model,  in  which 
the  cylinders  were  11  and  14  inches  in  diameter;  and  that  Mr. 
Watt's  use  of  the  expansive  valve  had  never  been  put  in  practice 
until  long  after  Mr.  Hornblower  had  projected  the  design  of 
his  double  engine.  This  gentleman  also  had  another  patent 
granted  him  for  an  engine  having  a  rotary  motion  within  it<- 
self,  by  the  immediate  action  of  steam  on  four  revolving  pistons^ 
mounted  on  an  arbor  with  a  hollow  axis.  ' 

The  two  improvements  in  the  engine  invented  by  Mr. 
Edmund  Cartwright,  are  a  tight  piston  and  a  condenser  from 
which  the  atmospheric  air  is  excluded.  This  last  is  made  of  as 
thin  copper  as  the  nature  of  its  application  will  ad  nut,  and  a 
large  external  surface  is  exposed  to  the  water  in  order  to  keep 
it  at  a  low  temperature,  so  that  when  the  steam  comes  in  contact 
with  it  internally  the  condensatioii  maybe  produced.  An  engine 
on  this  principle  erected  at  Horseley-down,  is  said  to  give  great 
satisfaction  to  its  proprietor,  and  to  perform  its  operations  efFec-* 
tually.      For  Mr.  Cartwrighl's  rotary  motion,  see  fig.  4.  pi. 

Mr.  Hornblower  then  concludes  his  subject  with  observing 
that  "  Mr.  Watt's  engine,  as  it  now  stands,  is  the  work  of  six- 
and-thirty  years,  and  we  may  hold  it  as  complete  in  its  kind  as 
it  possibly  can  be.  It  has  exercised  the  ingenuity  of  the  in- 
Teutor,  besides  frequent  accessions  from  the  ingenuity  of  other 
men:  various  pretensions  and  conceits  no  doubt  will  abound  to 
rival  its  excellency,  and  time  only,  the  arbiter  in  human  aifsdrs^ 
will  determine  their  fate.  We  would  rather  see  a  laudable 
competition  prevail  to  simplify  its  parts,  without  affecting  the 
principle,  either  by  reducing  their  number,  or  by  dispensing 
wth  their  costly  finish,  or  both,  that  it  may  come  within  the 
compass  of  the  middle  ranks  as  well  as  the  more  opulent;  and 
the  man  whoisets  the  example  will  deserve  well  of  his  country.*^ 

5.  The  Edinburgh  Reviewers'  Account  of  Steam-engines.'^ 
The  honour  of  inventing  the  steam-engine  is  aarcribed  to  the 
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^afquis  of  Worcester^  as  the  first  idea  of  it  is  found  ih  a  small 
^ork,  entitled  "  ji  Century  of  Inventions  "  published  by  him  in 
3  663,  and  consisting  of  brief  accounts  of  a  number  of  schemes 
Relative  to  inventions  and  improvements,  which  had  at  various 
times  presented  themselves  to  his  mind.  What  relates  to  his 
contrivance,  which  has  obtained  the  appellation  of  stcnm-engine^ 
is  very  short  and  obscure;  and  all  that  can  be  obtained  from  it 
is,  that  he  had  actually  had  a  machine  constructed  for  raising 
"water  by  means  of  steam ;  but  in  what  place  or  manner  this  was 
effected  is  probably  not  to  be  ascertained.  It  is  supposed,  that 
the  force  of  this  engine  was  derived  solely  from  the  elastic  power 
of  steam,  and  that  the  condensation  of  steam  by  cold  constituted 
BO  part  of  his  invention.  This  last  is  attributed  to  Captain  Sa- 
Tary,  who  had  erected  several  engines  previous  to  the  year  1696, 
'when  he  published  a  small  tract,  entitled  "  The  Miner's  FriendJ* 
In  his  engines,  the  alternate  condensation  and  pressure  of  the 
steam  took  place  in  the  same  vessel  into  which  the  water  was 
first  raised  by  the  pressure  of  the  atmosphere,  and  then  expelled 
by  the  elasticity  of  strong  steam. 

The  next  who  effected  any  essential  improvement  in  this  en^ 

gine  was  Newcomen ;  and  for  which  he  obtained  a  patent  in 

1705.     This  consisted  in  causing  the  steam  to  act  in  different 

Tessels  from  those  in  which  the  water  was  raised ;  and  employ- 

inff  the  weight  of  the  .atmosphere  for  the  purpose  of  pressure 

omy,  while  the  air  was  displaced  by  means  of  steam,  and  a  va- 

cunm  produced  by  condensation.     This  was  no  Small  improve- 

menty  as  it  enabled  him  to  make  use  of  steam  of  much  less 

elasticity,  and  therefore  to  work  with  less  heat,  which  produced 

9  considerable  saving  in  the  expense.      To  him  this  engine  is 

indebted  for  the  introduction  of  the  steam  cylinder  and  piston, 

^heir  connexion  with  the  pump  by  means  of  the  nnain  lever  with 

its  rods  and  chains,  and  several  other  inventions  of  less  import- 

^mce. 

In  this  state,  however,  the  engine  required  the  constant  at- 
tendance of  a  man  to  open  and  shut  the  cocks  by  which  steam 
sand   cold  water  were  alternately  admitted,  until  Mr.  Henry 
3Beighton,  in  1717,  invented  the  means,  or  at  least  perfected  the 
:mechanism,  for  making  the  engine  perform  this  operation  itself. 
Several  other  of  its  parts  were  also  much  improved  by  him.  ^  No 
further  improvement  of  consequence  was  made  in  the  structure 
^3f  this  engine  until  the  year  1764 :  it  still  continued  to  be  styled 
^.ewcomen's,  or  the  atmospherical  engine ;  and  was  still  subject 
"•o  many  imperfections.     The  steam  was  condensed  in  the  cylin- 
der ;  the  hot  water  was  expelled  by  the  force  of  the  steam ;  the 
piston  was  forced  down  by  atmospheric  pressure,  and  was  kept 
tight  by  being  covered  with  water ;  the  injection  cistern  was 

c  c  i<i 
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considerably  elevatecF,  in  order  that  water  might  enter  with 
greater  force,  fixperimice  bad  proved  that  the  engine  could 
only  be  loaded  with  about  seven  pounds  for  each  square  inch  of 
the  piston,  and  the  great  difference  between  this  weight  and  that 
«f  the  atmosphere  was  supposed  to  be  occasioned  by  friction. 
The  quantity  of  fuel  necessary  to  evaporate  a  given  quantity  of 
water,  and  the  quantity  of  steam  produced  from  it,  were  alike 
unknown ;  and  whether  the  heat  of  steam  corresponded  exactly 
to  its  temperature,  as  well  as  the  proper  quantity  of  injection- 
watery  for  a  cylinder  of  certain  dimensions,  had  not  been  deter- 
mined. , 

Mr.  Watt,  at  that  time  a  mathematical  instrument»maker  at 
Glasgow,  undertook  the  repair  of  the  model  of  a  steam-oagiiie 
of  this  nature  belonging  to  the  university  of  that  city;  and  in 
die  course  of  his  trials  with  it,  he  discovered  that  it  required  a 
greater  quanti^  of  both  fuel  and  injection- water  in  proportion 
Ifaan  large  enj|ines.  In  order  to  ascertain  the  cause  of  thin  dif- 
ference, and'remedy  these  defects,  he  made  many  experiments 
relative  to  the  best  materials  for  making  cylinders;  die  means 
of  producing  a  more  perfect  vacuum ;  the  beat  at  which  water 
bous  under  different  degrees  of  pressure";  and  the  quantity  of 
water  necessary  to  produce  a  given  bulk  of  steam  uuter  the  or- 
dinary pressure  of  the  atmosphere.  These  points,  as  well  as  die 
quantity  of  fuel  requisite  to  evaporate  a  given  quantity  of  water, 
and  the  quantity  of  cold  water  to  be  injected  at  each  condensa- 
tion of  the  steam,  being  determined  with  a  much  greater  degree 
of  precision  than  before,  the  cause  of  the  defects  in  Newcomen's 
engine  became  evident.  **  It  appeared  that  the  steam  could 
not  be  condensed  so  as  to  form  an  approximation  to  a  vacuum, 
unless  the  cylinder,  and  the  water  it  contained^  were  cooled 
down  to  less  than  10()°;  and  that,  at  greater  degrees  of  heat, 
the  water  in  the  cylinder  must  produce  steam,  which  would  in 
part  resist  the  pressure  of  the  atmosphere.  On  the  other  hand, 
when  greater  degrees  of  exhaustion  were  attempted,  the  quan- 
tities of  injection-water  required  to  be  increased  in  a  very  great 
ratio ;  and  this  was  followed  by  a  proportionate  destruction  of 
steam  on  refilling  the  cylinder."  A  consideration  of  these  cir- 
cumstances led  Mr.  Watt  to  conclude,  that  in  order  to  obtain 
the  most  perfect  vacuum  with  the  least  possible  waste  of  steam, 
it  was  necessar}'  that  the  cylinder  should  be  brought  to  a  ten^ 
perature  of  less  than  100*,  and  that  no  steam  should  be  con- 
densed in  refilling  it.  Mr.  Watt  perceived,  that  to  effect  this 
the  cylinder  must  be  kept  always  as  hot  as  the  steam  by  which 
it  was  filled ;  and  that,  by  opening  a  communication  between 
the  cylinder,  when  full,  and  another  vessel  (which  he  calls  a 
condenser)  exhausted  of  air^  the  steam  would  lusb  into  the 
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«<Hi4eii«er  until  tbe  equilibrium  was  restored ;  and  that  if  a  suf- 
^cient  quaotit}'  of  cold  water  were  iiyected  into  the  condenser, 
4he  sleam  it  contained  would  be  reduced  to  water,  and  no  more 
ateatn  would  enter  until  the  condensation  was  complete.  The 
condenser  he  emptied  of  its  air  and  water  by  means  of  a  pump, 
^hich  is  known  by  the  commoa  name  of  the  air-pump.  Some 
defects  still  remain  to  he  remedied  io  Newcomen's  cylinder,  in 
jwhich  the  piston  was  kept  tight  by  means  of  water,  some  of 
which  p;assed  by  the  sides  of  the  piston,  and  injured  the  vacuum 
J^y  its  e:!raporation :  this  water,  as  well  as  the  atmospheric  sur, 
also  redtj^ced  the  temperature  of  the  cylinder  considerably* 
^  Mr.  Watt  removed  these  defects,  by  applying  oils,  wax,  and 
/at  of  animals,  to  lubricate  his  piston  and  keep  it  tight:  he  put 
ja  cover  on  his  cylinder  (with  a  hole  in  it  made  air  and  steam 
iight,  for  the  piston  rod  to  pass  through),  and  employed  the  elaa* 
jtic  force  of  steam  to  pt'ess  upon  the  piston ;  he  also  surrounded 
'ihe  pyliiider  with  a  case  containing  steam,  or  a  caM  of  wood,  or 
,of  other  non-conducting  substance,  which  would  keep  it  always 
^f  an  equable  temperature." 

Theimproyemeuts  of  this  Engine  being  carried  to  this  length 
in  Mr.  Watt's  mind,  he  executed  a  working  model  in  the  year 
)  765,  which  fully  answered  his  expectations.  It  worked  readily 
vnAk  a  load  of  \Q\  lb.  for  each  square  inch  of  the  piston,  a^d 
was  even  capable  of  raising  14  lb.  per  inch  \  and  required  only 
about  one  tmrd  of  the  steam  that  was  necessary  in  the  common 
atmospheric  engine  to  produce  the  same  eiSect. 

Mr.  Watt  having  erected  an  engine  on  a  large  scale  for  Dn 
Roebucic:  of  Kinneil,  which  confirmed  his  previous  expectations, 
;ind  in  which  the  saving  of  fuel  exceeded  two  thirds  of  what  was 
used  iQ  Newcomen'ff  engines;  he  then  obtained  a  patent  for  his, 
inventions  in  1769 ;  and  Dr.  Itoebuck  became  associated  in  the 
prospects  which  it  opened.  Dr.  R.  however,  soon  disposed  of 
}m  interest  in  the  concern  to  Mr.  Boulton,  the  founder  of  Soho 
manufactory ;  and  the  business  of  constructing  steam^enginei 
soon  after  commenced  under  the  firm  of  Boulton  and  Watt. 
In  rcducii^  his  inventions  into  practice  on  a  large  scale,  Mn 
Watt  now  mad^  improvements  in  several  of  the  parts  of  New* 
comen's  engine.  He  caused  the  cylinders  to  be  bored  with  a 
greater  degree  of  precision  than  had  been  previously  done ;  "  h^ 
fulopted  a  new  mode  of  constructing  the  piston  and  screwing 
down  th<&  packing,  und  secured  the  rod  in  the  piston  in  a  mof« 
perfect  manner;  he  introduced  puppet-»valves  into  the  steattr* 
voxel  Qr  nozl^Jt,  ipstead  of  the  old  sliding  regulators ;  he  used 
better  means  of  opening  these  valves,  and  added  various  im^ 
mo^m&MB  in  the  working  gear;  be  suspended  the  workipg 
W^^f  to  tiitt  the  ioentre  of  motion  was  below  ]tbe  centre  of 
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gravity,  instead  of  being  above^  as  in  the  old  engines ;  and  be 
unproved  the  mode  of  setting  the  boilers  on  the  grates,  as  well 
as  the  apparatus  for  keeping  the  boilers  regularly  supplied  with 
water."  He  likewise  used  the  steam  in  some  of  his  early  reci- 
procating engines  to  act  expansively. 

The  next  object  that  engaged  Mr.  Watt's  attention  was  that 
of.  applying  the  power  of  steam  to  produce  rotary  motion ;  and 
for  this  purpose  he  took  out  a  patent  for  a  steam-wheel  which 
he  had  invented ;  but  this  mode  was  abandoned  from  a  persua- 
.sion  that  this  motion  would  be  better  derived  from  the  motion 
.of  the  piston  in  the'  reciprocating  engine.  This  kind  of  motion, 
however,  had  been  obtained  in  an  atmospheric  engine  erected 
"at  Hartley  coalery,  in  Northumberland,  as  early  as  1768.  On 
one  end  of  the  beam  was  fixed  a  tooth  sector,  which  worked  into 
a  trundle,  and  this  last^  by  means  of  two  piniSns  with  riatchet- 
wheels,  produced  a  rotative  motion  in  the  same  direction,  by 
both  the  ascent  and  descent  of  the  arch  ;  and  by  changing  the 
position  of  the  rackets  the  motion  could  be  reversed.  This  en- 
gine worked  but  very  imperfectly.  ' 

In  1769,  a  patent  was  obtained  by  a  Mr.  Stewart,  for  an  en- 
gine which  produced  a  rotative  motion,  by  a  chain  going  over  a 
puUey,  and  round  to  barrels  furnished  with  ratchet-wheels':  a 
weight  was  suspended  to  the  loose  end  of  this  chain,  for  the 

Surpose  of  continuing  the  motion  during  the  return  of  the  engine. 
f  r.  Washbrough's  patent  mode  of  communicating  a  motion  of 
this  nature,  by  the  reciprocating  strokes  of  the  steam-engine, 
was  virtually  the  same  as  had  been  previously  used  in  the  en- 
gine at  Hartley,  with  the  addition  of  a  fly ;  which  was  now  used 
for  the  first  time,  but  which  had  been  previously  thought  of  by 
Mr.  Watt.  It  is  also  said,  that  the  idea  of  communicating  ro« 
tative  motion  from  the  beam  of  the  steam-engine,  by  means  of 
a  crank,  had  early  occurred  to  Mr.  Watt,  but  that  he  did  not 
set  about  putting  it  in  practice  till  the  year  1778  or  1779,' ^hen 
he  had  a  model  made  for  that  purpose,  which  performed  tbhis 
satisfaction;  and  it  is  added,  that  a  workman,  who  had  been 
eonployed  on  the  model,  informed  the  persons  engaged  about 
one  of  Mr.  Washbrough's  engines  of  the  contrivance.  .  Mr. 
Watt  then  set  about  other  modes  of  producing  the  same  efiect ; 
*^'and,  in  1781,  took  out  a  patent  for  several  new  methods  of 
applying  the  vibralipgor  reciprocating  motion  of  steam-engines 
to  produce  a  continued  rotative  motion  round  an  axis,'  one  of 
which  was  that  beautiful  contrivance  of  the  revolving  motion  of 
one  wheel  round  another.  This,  however,  was  only  part  of 
what  Mr.  Watt  saw  to  be  necessary,  in  order  to  perfect  this 
application  of  the  steam-epgine.  The  steam  had  hitherto  been 
used  only  to  press  down  the  piston,  which  was  returned  by  a 
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mreight  at  the; opposite  end  of  the,  beam^  so  that  the  power  of 
the  steam  may  be  said  to  have  been  inactive  during  that  period, 
Mr.  Watt  remedied  this,  by  applying  the  power  of  the  steam  to 
press  the  piston  down,  as  well  as  to  press  it  tip,  thus  forming^ 
^alternately  a  vacuum  above  and  belo^  the  piston,  Thid  he 
called  the  double  engine  ;nnd,  in  fact,  it  doubled  the  power':es- 
ert^d  within  the  same  cylinder.  He  had  long  had  in  his  mind 
the  idea  of  this  improvement  ^  and  had  even  produced  a  draw- 
ing of  it  to  the  House  of  Gon\mons  in  1774,  at  the  time  he 
procured  the  act  to  prolong  his  original  patent ;  but  the  first  he 
texecuted  was,  we  believe,  at  Soho,  in  the  year  1781  or  17B2, 
and  the  first  public  exhibition  of  it  at  the  Albion  Mills  a  few 
years  later.    * 

About  the  same  period,  finding  double  chains,  and  racks,  anj 
sectors,  very  inG#nvenient  for  communicating  the  motion  of  the 
piston-rod  to  the  angular  motion  of  the  beam,  he  invented  and 
applied  what  has  been  called  the  parallel  motion,  one  of  the 
most  ingenious  and  most  perfect  contrivances  in  mechanics. 

To  prevent  irregularities  in  the  speed  of  the  engine,  arising 
from  the  variations  in  the  quantum  of  power  used  at  different 
intervals  in  the  works  to  which  it  was  applied,  he  made  an  a[v 
plication  of  the  centrifugal  force  of  what  is  called  the  governor 
(before  used  in  wind  and  \i'ater  mills),  to  regulate  the  admission 
of  the  steam ;  by  this  means  keeping  the  engine  always  at  a 
uniform  velocity,  and  diminishing  the  consumption  of  steani  in 
proportion  to  th^  power  exerted ;  thus  giving  the  finishing  stroke 
to  the  perfection  of  the  motion  of  this  machine,  and  rendering 
its  regularity  nearly  correspondent  with  that  of  thp  pendulum  of 
a  clock. 

Observations, — In  the  perusal  of  these  accounts  (say  the 
editors  of  the  Retrospect),  our  readers  will  perceive,  that  in  the 
former  of  them  are  mentioned  the  inventions  of  Mr.  Gainsbo- 
rough, for  condensing  the  steam  in  a  separate  vessel;  of  Mr; 
Blakey,  for  employing  the  expansive  force  of  steam ;  of  Mr.  Jos. 
Homblower,  fpr  a  niew  constriiction  of  the  valve  which  forms 
a  communication  between  the  boiler  and  the  cylinder ;  of  Mr. 
Jonathan  Hornblower,  for  obtaining  a  greater  power  by  a  com-^ 
plicated  force  of  steam  in  an  engine  with  a  double  cylinder; 
and  of  Mr.  Edmund  Cartwright,  for  a  vacuous  condenser  and  an 
improved  method  of  packing  the  cylinder,  which  are  not  noticed 
in  the  latter.  In  the  last  an  account  is  given  of  the  original  in- 
Tehtion  by. the  Marquis  of  Worcester;  the  improvements  ot 
Captain  Savary,  Newcomen,  and  Beighton;  and  of  the  rotary 
mbtioii.at  Hartley  coalery,  and  of  Stewart's  patent  method  for 
the  same  purpose,  which  ^e  not  ipserted  in  the  former. 
-   3ebide^  the  differeQce  in  these  accounts,  relative  to  the  tnven- 
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lions  of  Mr.  Watt,  Mr.  Washbrough,  and  others^  the  R^view^ 
era,  in  their  animadversions  upon  '^  the  vie^  ivhicn  J)j.  Gregory 
«nd  his  associate  have  taken  of  the  same  subject/'  observe,  re- 
specting Mr.  Gainsborough's  invention,  '^  it  is  quite  impossibly 
that  Mr.  Watt's  idea  of  condensing  in  a  separate  vessel  could  b^ 
derived  from  that  gentlenian.  Mr.  Watt^  while  he  resided  at 
Glasgow  about  the  year  1764  or  1765,  invented  that  nietho^  of 
condensation.  Mn  Gainsborough's  improvement,  wliatever  if 
was,  was  posterior  by  more  than  twenty  years.*-  Mr.  Horn* 
blower  states,  relative  to  the  samp  subject,  that  Mr.  Gainsbo* 
rough's  '^  model  succeeded  ;o  well  as  to  induce  som^  of  the 
Cornish  adventurers  to  send  their  engineer  to  examine  it^  ^k 
the  report  \tas  so  favourable  as  induced  an  intention  of  adopt^ 
iog  it.  This,  however,  was  soon  after  Mr.  Watt  had  his  act  of 
parliament  passed  for  the  extension'  of  his  term ;  and  he  had| 
about  the  same  time"  (1774),  **  made  proposals  to  the  Comislj 
gentlemen  to  send  his  engine  into  that  country.  This  necess»* 
rily  brought  on  a  competition,  in  whic)i  Mr.  Watt  succeeded.'! 
ilnd  he  also  adds,  '^  it  is  well  known  that  Mr.  Oainsborough 
ppposed  the  petition  to  the  ^ouse  of  Commons  through  the 
interest  of  General  Conway." '  How  this  statement,  and  tb<| 
concluding  sentence  of  the  precedihg  one,  ci^i  be  reconciled 
with  each  other,  we  are  under  the  necessity  of  leaving  to  ou9 
readers  to  determine :  we,  however,  cannot  perceive  any  reason 
why  these  inventions  should  not  have  'taken  place  independently. 

When  speaking  of  the  engine  for  which  a  patent  vvaa  taken 
out  in  1781  by  Mr.  Jonathan  Hornblower,  of  Pcmrhyn,  thi 
Reviewer  says, ''  In  the  account,  however,'  ohe  circumstance  tt 
omitted,  which  is  very  material  in  the  history  of  this  engine,  vi& 
that  in  the  year  17^9,  it  became  the  subject  of  an'  action,  a&  ail 
infringement  of  Mr.  Watt's  patent ;  and  that  the  miners,  who 
had  used  the  engines  of  this  construction,  paid  the  i>brtion  of 
savings  in  fuel  claimed  by  Messrs.  Boulton  and  Watt  for  th^ 
use  of  their  invention,  rather  than  risk  the  event  of  a  law-snot. 
It  should,  besides,  be  observed,  that  if  this  engine  itierits  thb 
eulogium  bestowed  upon  it,  it  seems  singular,  that  not  one  of 
the  kind  has  since  been  erected,  though  all  legal  obstructions 
were  removed,  by  the  expiration  of  Mr.  Watt's  patent  in  the 
year  1800."  He  likewise  Observes,  that'  the  patent  granted  to 
Messrs.  Murray  and  Wood  in  1801,  fot  their<  invention  6f  the 
nozles  or  steam-Valves,  s(hd  the  nieth6d  of  opening  them,  was 
set  aside  in  1802  or  1803,  by  a  Writ  6f  scire  facias,  at  the  io^ 
stance  of  Boulton  and  Watt.  '  -        •: 

To  this  abridgment  of  the  controversial  papers  on  the  his* 
tory  of  steam-engities,  it  may  be  proper  t6  add,  that  \vhen  ihi 
account  of  the  Edinburgh  Reviewers  was  published,  Mr.  Horn^ 


Watfs  Steam-engine .  393 

jUower  was  abroad.  As  spon  as  he  ^aw  it^  hie  complained  of  its 
f*  gross  partiality  ^nd  inacci^raey/'  and  meant  to  reply  to  it;  but 
was  prevented  by  death.  We  shall  bow  proceed  to  describe  a 
few  approved  coostn|ction3>  beginning  with  that  of  Mr.  Watt, 
of  which  a  most  perspicuous  account  has  been  given  by  Dr. 
Brewster,  a^  follows. 

6.  Watt*$  Steam-engine. — Referring  to  pi.  XXX.  cd  i^  the 
boiler  in  which  the  water  is  converted  into  steam  by  the  heat  of 
the  furnace  d.  It  is  sometimes  made  of  copper,  but  more  fre- 
quently of  iron :  its  bottom  is  concave,  and  the  flame  is  made  to 
/circulate  round  ijts  sides,  and  is  sometimes  conducted  by  means 
of  flues  even  through  the  middle  of  the  water,  so  that  as  great  a 
surface  as  possible  may  be  exposed  to  the  action  of  the  fire.  lu 
^ome  of  Watt's  engines  the  fire  contained  in  an  iron  vessel  was 
introduced  into  the  middle  of  the  water,  and  the  outer  boiler 
was  formed  of  wood,  as  being  a  slow  conductor  of  heat.  When 
the  furnaces  are  constructed  in  the  most  judicious  manner,  eight 
square  feet  of  the  boiler's  surface  must  be  acted  upon  by  the 
fire  or  the*  flame,  in  order  to  convert  one  cubic  foot  of  water 
into  steam,  in  the  space  of  an  hour.  When  fire  is  applied 
to  the  boiler,  the  water  is  not  converted  into  steam  till  it  has 
reached  the  temperature  of  212°  of  Fahrenheit,  or  the  boiling 
jpoint.  And,  indeed,  when  the  water  is  pressed  by  air  or  steam, 
more  condensed  than  the  atmosphere,  a  temperature  greater 
than  2 12'' is  necessary  for  the  production  of  steam:  but  the 
beat  requisite  for  this  purpose  increases  in  a  less  ratio  than  the 
pressure  to  be  overcome.  The  steam  which  is  produced  in  tlie 
boiler  is  about  1800  times  rarer  than  water,  and  is  conveyed 
through  the  steam  pipe  c  e,  into  tbe  cylinder  g,  where  it  acts 
upon  the  piston  q^  and  communicates  motion  to  the  great  beam 
!ab.  But  before  we  trace  the  mode  of  transmitting  this  motion, 
we  must  describe  the  very  ingenious  method  employed  by  Mr. 
Watt  for '  supplying  the  boiler  regularly  with  water,  and  pre- 
serving  it  at  the  same  level  op;  a  circumstance  which  is  abso* 
lately  necessary,  that  the  quantity  and  elasticity  of  the  steam  ia 
]die  boiler  may  be  always  the  same.  The  small  cistern  Uy  placed 
above  the  boiler,  is  supplied  with  water  from  the  hot  well  h,  by 
kneaas  of  the  pump  z^  and  the  pipe^'.  To  the  bottom  of  this 
cisterhis  fitted  the  pipe  tir,. which  is  immersed  in  the  water  op, 
iand  is  bent  at  its  lower  extremity,  in  order  to  prevent  the  en^ 
trance  of  the  rising  steam*  A  crooked  arm  ud\  attached  to  the 
sid^  of  the  cistern  «,  suppprta  the  small  lever  a'b'  which  moves 
upon  d'  as  a  centre.  The  extremity  b'  of  this  lever  carries,  by 
means  of  the  wire  Vvj  a  stone  or  piece  of  metal  p,  which  hangs 
just  below  the  surface  of  the  water  in  the  boiler,  and  the  other 
extremity  of  is  connected  by  the  wire  a^u  with  a  valve  at  the 
bottom  of  the  cistern  u^  which  covers  the  top  of  the  pipe  t/r. 
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Now,  it  is  a  maxim  in  hydrostatics,  that  when  a  heavy  body  is 
.  suspended  in  a  fluid  it  loses  as  much  of  its  weight  as  is  equa).  to 
that  of  the  quantity  of  fluid  which  it  displaces.  When  the  water 
ov,  therefore,  is  diminished  by  the  conversion  of  part  of  it  iilto 
steam,  the  upper  surface  of  the  body  p  will  be  above  the  fluid, 
and  its  weight  will  consequently  be  increased,  in  proportion  to 
the  quantity  of  the  body  that  is  not  immersed.  By  this  addi- 
tion to  its  weight  the  stone  p  will  cause  the  extremity  b'  of 
•  the  lever  to  descend,  and,  in  consequence,  by  elevating  the  arm 
d!a\  will  open  the  valve  at  the  top  of  the  pipe  «r>and  thus  gra- 
dually introduce  a  quantity  of  water  into  the  boiler,  equal  to 
that  which  was  lost  by  evaporation.  This  process  is  continu- 
ally going  on,  while  the  water  is  converting  into  steam :  and  it 
is  evident  that  too  much  water  can  never  be  introduced  ;  for  as 
soon  as  the  surface  of  the  water  coincides  with  the  surface  of 
the  body  p,  it  recovers  its  former  weight,  and  the  valve  at  u 
^huts  the  top  of  the  pipe  wr. 

In  order  to  know  the  exact  height  of  the  water  in  the  boiler, 
two  cocks  k  and  /  are  employed,  the  first  of  which  reaches  to 
within  a  little  of  the  height  at  which  the  water  wpuld  sta,nd, 
and  the  other,  /,  reaches  a  very  little  below  that  height.  If  th6 
water  stands  at  the  desired  height,  the  cock  k  bemg  opened^ 
•  will  give  out  steam,  and  the  cock  /  will  emit  water,  in  consfr^ 
quence  of  the  pressure  of  the  superincumbent  steam  on  the 
water  ot»,  but  if  water  should  issue  from  both  cocks,  it  will  be 
too  high  in  the  boiler ;  and  if  steam  issues  from  both,  it  will  b^ 
too  low. 

As  there  would  be  great  danger  of  the  boiler's  bursting  if  the 
steam  should  become  too  strong,  it  is  furnished  with  the  safety 
valve  x>,  which  is  so  loaded,  that  its  weight,  added  to  that  of  the 
atmosphere,  may  exceed  the  pressure  of  the  interior  steam, 
when  of  a  sufficient  strength.  As  soon  as  the  expansive  force 
so  far  increases  as  to  become  dangerous  to  the  boiler,  its 
pressure  preponderates  over  the  pressure  of  the  atmosphere 
and  the  safety  valve  :  the  valve  therefore  opens,  and  the  steam 
escapes  from  the  boiler,  till  its  strength  is  sufficiently  diminished, 
and  the  safety  valve  shuts  by  tbe  predominance  of  its  pressure 
over  that  of  the  interior  steam.  By  opening  the  safety  valve  the 
engine  may  be  stopped  at  pleasure :  and  to  eflect  this,  a'  small 
rectangular  lever,  with  equal  arms,  is  fixed  upon  the  side  of  the 
valve,  and  connected  with  its  top;  to  one  of  these  armsachais 
is  attached,  which  passes  over  a  pulley,  from  a  horizontal  to  a 
vertical  direction,  so  that  by  pulling  it  the  valve  is  opened^  and 
the  machine  stopped. 

From  the  dome  of  the  boiler  proceeds  die  steam-pipe  CE, 
which  conveys  the  steam  into  the  top  of  the  cylinder  6  by  means 
of  the  steam-valve  a^  and  into  the  bottom  of  the  cylinder  by 
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means  of  the  valve  c.  The  branch  of  the  pipe  which  extends 
from  a  to  c  is  cut  off  in  fig.  1,  in  order  to  show  the  Valve  6,  but 
is  distinctly  visible  in  .fig.  2,  which  is  a  view  of  the  pipes  and 
valves  in  the  direction  fm.  The  cjlinder  G'  is  sometimes  in- 
closed in  a  wooden  case,  in  order  to  prevent  it  from  being 
cooled  by  the  ambient  air ;  and  sometimes  in  a  metallic  case, 
that  it  may  be  surrounded  and  kept  warm  by  a  quantity  of  steam 
"which  is  brought  from  the  steam-pipe  EC,  through  the  pipe  eg, 
by  turning  a  cock.  It  is  generally  thought,  however,  that  little 
benefit  is  obtained  by  encircling  the  cylinder  with  steam,  as  the 
quantity  thus  lost  is  almost  equal  to  what  is  destroyed  by  the 
coldness  of  the  cylinder.  After  the  steam,  which  was  admitted 
above  the  piston  q  by  the  valve  fl,  and  below  it  by  the  valve  c, 
has  performed  its  respective  offices  of  depressing  and  elevating 
the  piston,  and  consequently  the  great  beam  ab,  it  Escapes  by 
thq^  eduction  valves  b  and  d,  fig.  1  and  2,  into  the  condenser  /, 
where  it  is  converted  into  water  by  means  of  a  jet  playing  in  the 
inside  of  it.  The  water  thus  collected  in  the  condenser  is  car- 
ried off,  along  with  the  air  which  it  contains,  into  the  hot  well  h, 
by  the  air-pump  e,  which  is  wrought  by  the  piston  rod  tm,  at- 
tached to  the  great  beam  ab.  From  the  hot  well  h  this  water 
is  conveyed  by  the  pump  z  and  the  pipiefinto  the  cistern  u,  for 
the  purpose  of  supplying  the  boiler.  Tnc  water  w  which  ren- 
ders air-tight  the  pump  e,  and  supplies  the  jet  of  water  in  the 
condenser,  is  furnished  by  the  pump  ^^  which  is  worked  by  the 
great  beam.  The  steam  and  eduction  valves  a,  c,  6,  d,  are 
opened  and  shut  by  the  spanners  aM,  dM,  cn,  &n,  whose  handles 
M  and  N  are  moved  by  the  plugs  1 ,  2,  fixed  to  tn  the  piston  rod 
of  the  air-pump.  This  part  of  the  machinery  has  been  called 
the  working  gear;  and  is  so  constructed  that  the  steam  and 
eduction  valves  can  be  worked,  either  by  the  hand  or  by  the 
piston  of  the  air-pump.  The  piston  rod  r,  which  moves  the 
piston  q,  passes  through  a  box  or  collar  of  leathers  fixed  in  a 
strong  metallic  plate  on  th^  top  of  the  cylinder.  The  rod  is 
turned  perfectly  cylindrical,  and  is  finely  polished  in  order  to 
prevent  any  air  from  passing  by  its  sides.  The  top  v  of  the 
piston  rod*  R  is  fixed  to  the  machinery  tv,  which  is  called  the 
parallel  joint,' and  is  so  contrived  as  to  make  the  rod  vr  ascend 
and  descend  in  a  vertical  or  perpendicular  direction.  When  the 
lever  or  beam  rises  into  its  present  position  from  a  horizontal 
one,  the  piston  rod  vu  has  a  tendency  to  move  towards  ^,  and 
would  move  towards  it  were  the  bar  fiv  fixed  in  its  present  poh 
sition ;  for  while  the-  point  v  rises,  the  bar  ^v  also  rises,  at  the 
same  time  the  angle  \[uy  increases,  and  likewise  the  angle  Avfb, 
so  that  the  vertex  v  of  the  angle  KviJi,  would  move  towards  T. 
The  bar /U'Ki  however,  is  not  at  test,  but  moves  round  the  fixed 
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point  v^  and  rUes  alpqg  with  the  point  v ;  while  f^v,  therefore, 
rises  upon  v  as  a  centre,  the  adjoining  bar  fi^T  moves  round  the 
point  T  towards  v^  the  angle  Tf/^  increases,  and  the  point  /^  apr 
proaclies  to  v,  and  keep?  vb  in  a  perpendicular  position,  so  that 
wha^tever  tendency  die  point  y  has  towards  t  by  the  increase  of 
.the  angle  ^v/^,  it  has  an  (Baual  tendency  in  the  contrary  directioq^ 
)by  the  increase  of  the  angle  Tfty :  but  as  the  beam  ab  falls  intQ 
a  l)Qrizontal  position,  all  thpse  motions  ^rp  reversed*  When 
jthe  pbton  rod  vr  rubs  most  upon  the  side  of  the  .collar  of  lesr 
jtbers  nearest  tp  a,  the  fixed  point  y  must  be  shifted  a  Uttle  ix^ 
fhe  contrary  direction,  viz.  to  the  right-hand  of  R.  That  the 
natijire  of  thi^  parallel  jojint  may  be  better  unde^stpod^  it  may  be 
proper  to  observe,  that  all  the  bary  which  have  been  mentioned 
are  double,  as  may  be  seen  in  tbie  figure ;  that  they  move  roun4 
points  at  A,  T,  y,  (a,  and  y ;  and  that  the  f wq  bars  t^tyreen  yk  an4 
y  move  between  the  bars  at  fi^. 

In  the  steath  engines  of  Newcotpen  ai^d  Beigfatqn^  wbejre  d|« 
piston  was  raijsed  merely  by  a  c,ounterwe^;ht  ^t  the  extremity  4. 
of  the  great  beam,  th<e  piston  rod  yiras  connected  "^yith  its  plhef 
extremity  by  means  of  a  chain  bending  rpund  the  arcb  of  9 
circle  fixed  at  b  ;  but  in  Mr.  Want's  improved  engipes  with  ^■ 
double  stroke,  in  which  the  piston  receives  a  strong  ifiipulse 
upwards  as  well  as  downwards^  ^hje  chain  ^oifld  slacken,  att4 
could  not  communicate  motion  to  the  beam.  An  inflexible 
rod,  therefore,  must  be  employed  for  coqnecting  the  pistop  widi 
the  beam,  or  the  pistpn  must  be  suspended  1^  double  chains 
like  those  of  engines  for  extinguishing  fire.  In  some  of  Mr. 
Watt's  engines  the  latter  of  these  methods  was  adopted:  he 
then  employed  a  toothed  rack  working  in  a  toothed  sector  fixed 
at  B,  and  afterwards  fell  upon  the  very  superior  method  whid) 
we  have  now  been  describing. 

All  the  engines  whi^h  were  constructed  befpre  the  time  of 
Mr.  Watt  were  employed  merely  for  raising  water,  and  were 
never  used  as  the  first  movers  of  machinery  ^  except  inde^  that 
Mr.  R.  Fitzgerald  published,  in  the  Transactions  of  the  Roy^l 
Society,  a  method  of  converting  the  irregular  mptiqn  pf  the 
beam  into  a  continued  rotatory  motion,  by  means  of  a  crank 
and  a  train  of  wheel-work  connected  with  a  large  and  massy  fly^ 
which,  by  accumulating  the  pressure  of  the  machine  during  the 
working  stroke,  urged  round  the  machinery  during  the  retunuiq^ 
stroke,  wheii  there  is  no  force  pressing  it  forward.  For  this  new 
and  ingenious  contrivance,  Mr.  Fitzgerald  received  b  paten^ 
and  proposed  to  apply  the  steam  engine  as  the  moving  powef 
of  every  kind  of  machinery,  but  it  does  not  appear  t^at  any  miUb 
were  erected  under  this  patent*  In  order  to  convert  tbs  rec^ 
procatii^  motion  of  the  beam  into  a  ckculai  nto^n^  Mr.  Wal^ 
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fixed  a  strong  and  inflexible  rod  Au  to  the  extremity  of  the  great 
beam.  To  die  lower  end  of  this  rod,  a  toothed  wheel  v  is  fast- 
ened by  bolts  and  straps,  so  that  it  cannot  move  round  its  axis. 
This  wheel  is  connected  with  another  toothed  wheel  s  of  the 
same  size,  by  means  of  iron  bars,  which  permit  the  former  to 
revolve  round  the  latter,  but  prevent  them  from  quitting  each 
odfier.  This  apparatus  is  called  the  sun  and  planet  wheels,  from 
the  similarity  of  their  motion  to  that  of  die  two  luminaries.  On 
the  axis  of  the  wheel  s  is  placed  the  large  and  heavy  fly  wheel  T, 
which  regulates  the  desultory  motion  of  the  beam.  When  the 
^ttremity  a  of  the  great  beam  rises  from  its  lowest  position,  it 
will  bring  along  with  it  the  wheel  u,  and  cause  it  to  revolve  upoa 
die  circumference  of  the  wheel  is^  so  that  the  interior  part  of  the 
former,  or  die  part  next  the  cylinder,  vrill  act  upon  the  exterior 
part  of  the  latter,  or  the  part  farthest  from  the  cylinder,  and  put 
It  in  motion  along  with  the  fly  f.  After  the  wheel  u  has  got  to 
die  top  of  the  wheel  s,  the  end  a  of  die  beam  will  have  reached 
Its  highest  position,  and  the  wheel  s,  alon^  with  the  fly,  will  haice 
performed  one  complete  revolution.  When  the  wheel  u  passes 
irom  the  top  of  s  into  its  former  position  below  it,  the  extremity 
A  of  the  beam  will  also  descend  from  its  highest  to  its  lowest 
position,  so  that  for  every  ascent  or  descent  of  the  piston  or  the 
great  beam,  the  planet  wheel  u  will  make  one  turn,  while  the 
mm  wheel  aiid  fly  will  perform  two  complete  revolutions. 

When  the  steam  engine  is  employed  to  drive 'machinery  in 
which  die  resistance  is  very  variable,  and  where  a  determinate 
vdocity  cannot  properly  be  dispensed  with,  Mr.  Watt  has  applied 
a  conical  pendulum,  which  is  represented  at  mn,  for  procuring 
an  uniform  velocity.  This  regulator  consists  of  two  heavy 
bmlla  mn,  suspended  by  iron  rods  which  move  in  joints  at  the 
top  of  the  vertical  axis  op,  and  is  put  in  motion  by  the  rope  oo 
which  passes  over  the  pulleys  o,  o,  and  round  the  axis  o  of  the 
flv*  Since  the  velocity  of  the  fly  and  sun  wheel  uicreases  and 
Aminishes  with  the  quantity  of  steam  that  is  admitted  into  the 
cylinder,  let  us  suppose  that  too  much  is  admitted, — then  the 
nelocity  of  the  fly  will  increase,  but  the  velocity  of  the  vertical 
axis  op  will  ako  increase,  and  the  balls  mn  will  recede  from  tlie 
tatt  by  the  aogmentation  of  their  centrifugal  force.  By  this 
recess  of  the  balls,  the  extremity  p  of  the  lever  ps,  moving  upon 
jras  a  centre,  is  depressed,  its  other  extremity  5  rises,  and  by 
forcing  the  cock  at  a  to  close  a  little,  diminishes  the  supply  of 
Uteam*     The  impelling  power  being  thus  diminished,  the  velo- 

S^  of  die  fly  and  the  axis  op  decreases  in  proportion,  and  the 
Is  m,  n,  resume  their  former  position. 
In  Mr.  Watt's  improved  engine,  the  steam  and  eduction 
valves  are  all  puppet  clacks.    One  of  tlieae  vadvesj,  and  the 
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method  of  opening  and  shutting  it^  is  represented  in  fig.  S  of 
Plate  XXX.    -  Let  it  be  one  of  the  eduction  valves,  and  let  a^* 
he  part  of  the  pipe  which  conducts  the  steam  into  the  cylinder, 
and  MM  the  superior  part  of  the  pipe  which  leads  to  the  con-* 
denser.     At  oo,  the  seat  of  the  valve,  a  metallic  ring,  of  which 
9211  is  a  section,  is  fitted  accurately  into  the  top  of  the  pipe  mm,< 
and  is  conical  on  the  outer  edge,  so  as  to  suit  the  conical  part> 
of  the  pipe.  -  These  two  pieces  are  ground  together  with  emery, 
and   adhere  very   firmly  when  the   contiguous   surfaces   are 
oxydated  or  rusted.    The  clack  is  a  circular  brass   plate  my 
ivith  a  conical  edge  ground  into  the  inner  edge  of  the  ring  rzn,* 
1 80  as  to  be  air-tight,  and  is  furnished  witli  a  cylindrical  tail  mv, 
ivhich  can  rise  or  fall  in  the  cavity  of  the  cross  bar  nn.     To 
the  top  of  the  valve  m  a  small  metallic  rack  mw  is  firmly  fasten-, 
ed,  which  can  be  raised  or  depressed  by  the  portion:  e  of  a, 
toothed  wheel,  moveable  upon  the  centre  d.  '  The  small  circle! 
D  represents  a  section  of  an  iron  cylindrical  axis,  whose  piv<^: 
inove  in  holes  in  the  opposite  sides  of  the  pipe,  a  A*     Its  pivots^! 
are  fitted  into  their  sockets,  so  as  to  be  air-tight ;  and  the  ad- 
mission of  air  is  farther  prevented  by  screwing  on  the  outside 
of  the  holes  necks  of  leather  soaked  in  rosin  or  melted  tallowr. 
One  end  of  this  axis  reaches  a  good  way  without  the  pipe  aa,^ 
and  carries  a  handle  or  spanner  6n,  which  may  be  seen  in  fig. 
1,  Plate  XXX.  and  which  is  acttiated  by  the  plugs  1, 2,  of  the 
rod  TN.     When  the  plug  2,  therefore,  elevates  the  extremity  of 
the  spanner  n6,  during  the  ascent  of  the  piston-rod  tn,  the  axle 
D,  Plate  XXX.  fig.  3,  is  put  in  motion,  the  valve  m  is  raised 
by  means  of  the  toothed  racks  £  and  f,  and  the  steam  rushes 
through  the  cavity  of  the  circular  ring  ww,  by  the  sides  of  the 
cross  piece  of  metal  oo,  nn.     When  the  valve  needs  repair, 
the  cover  b,  which  is  fastened  to  ^the  top  of  the  valve  box  by 
means  of  screws,  can  easily  be  removed. 

Having  thus  described  the  different  parts  of  the  most  im-' 
proved  steam  engine,  it  will  be  proper  to  attend  to  the  mode  of 
its  operation.  Let  us  suppose  that  the  piston  is  at  the  top  of 
the  cylinder,  as  is  represented  in  the  figure,  and  that  the  upper 
steam  valve  a,  and  the  lower  eduction  or  condensing  valve  dy 
are  opened  by  means  of  the  spanner  M,  while  the  lower  steanv. 
valve  c,  and  the  upper  eduction  valve  6,  are  shut;  then  the 
steam  in  the  boiler  will  issue  through  the  steam  pipe  ce,  and 
the  valve  a,  into  the  top  of  the  cylinder,  depress  the  piston,, 
by  its  elasticity,  to  the  very  bottom.  But  when  the  piston  q  i» 
brought  to  the  bottom  of  the  cylinder,  and  the  extremity  b  of 
the  great  beam  is  dragged  down  by  the  parallel  joint  Tv,  its 
other  extremity  a  rises,  and  the  wheel  u  having  passed  over  half 
of  the  circumference  of  s,  will  have  urged  forward  the  fly- 
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^heel  |r,  aild  conseqii^titly,  the  machinery  attached  to  it,  one ' 
complete  revolution.     When  the  piston  q  has  reached  the  bot- 
tom of  the  cylinder,  the  pi^toil-rod  tn  of  the  air-pump,  by  the 
pressure  of  the  plug  i  upon  the  spanner  m  has  shut  the  steam ' 
▼alve  a  and    the  eduction  valve  d,  while  the  plug  2  has,  by 
misand  of  the  spanner,  opened  the  eduction  valve  b,  and  the 
steam  valve  c.     The   steam,   therefore,  which   is   above  the 
piston,  rushes  through  the  eduction  valve  b  into  the  condenser  t, 
where  it  is  converted  into  water  by  the  jet  in  the  middle  of  it, 
and  by  the  coldness  arising  from  the  surrounding  fluid  w,  while^ 
at  the  same  time,  a  new  quantity  of  steam  frbm  the  boiler 
issues  through  the  open  steam  valve  c,  into  the  cylinder,  forces 
up  the  piston,  and,  by  raising  one  end  of  the  working  beam,  and* 
depressing  the  other,  makes  the  wheel  v  describe  the  other 
semi-cirdumference  of  s,  and  causes  the  fly  and  the  machinery 
on  its  axis  to  perform  another  complete  revoluHon.     As  the 
plugs  1,2,  ascend  with  the  piston  y,  they  open  or  shut  the 
steam  and  eduction  valVes,  and  the  operation  of  the  engine  may 
be  thus  continued  for  any  length  of  time. 

From  this  brief  description  of  the  steam  engine,  the  reader 
will  be  enabled  to  perceive  the  nature  and  appreciate  the 
value  of  Mr.  Watt's  improvements.  It  had  hitherto  been  the 
pnictice  to  condense  the  steam  in  the  cylinder  itself,  by 
die  injection  of  cold  water :  but  the  water  which  is  injected  ac- 
quires a  considerable  degree  of  heat  from  the  cylinder,  and 
being  placed  in  air,  highly  rarefied,  part  of  it  is  converted  into 
steam^  which  resists  the  piston,  and  diminishes  the  power  of 
the  engine.  When  the  steam  is  next  admitted,  part  of  it  is 
converted  into  water  by  coming  in  contact  with  the  cylinder, 
which  is  of  a  lower  temperature  than  the  steam,  in  conse- 
quence of  the  destruction  of  its  heat  by  the  injection  water. 
By  condensing  the  steam,  therefore,  in  the  cylinder  itself,  the 
resistance  to  the  piston  is  increased  by  a  partial  reproductioit 
of  this  elastic  vapour,  and  the  impelling  power  is  diminished 
by  a  partial  destruction  of  the  steam  which  is  next  admitted; 
Both  these  inconveniences  Mr.  Watt  has  in  a  great  measure 
avoided,  by  using  a  condenser  separate  from  the  cylinder,  and 
encircled  with  cold  water*;  and  by  surrounding  the  cylinder 
with  a  wooden  case,  and  interposing  light  wood  ashes,  in  order  to 
prevent  its  heat  from  being  abstracted  by  the  ambient  air. 

The  greatest  of  Mr.  Watt's  improvements  consists  in  his 

•  Even  in  Mr.  Walt's  best  engines^  a  very  small  quantity  of  steam  re- 
mains in  the  cylinder,  having  the  temperature  of  the  hot-well  p,  or  of  the 
water,  into  which  the  ejected  steam  is  converted.  Its  pressure  is  indicated 
bf  a  barometer,  which  Mr.  Watt  has  ingeniously  applied  to  his  engines 
for  ^hibititig  thettate  of  the  vacuum. 
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employing  the  steam  both  to  elevate  and  depress  the  piston^ 
In  the  enffines  of  Newcomen  and  Beightoq^  the  steam  was  sot 
the  impelling  power,  it  was  used  merely  for  producing  a  vacuum 
below  the  piston,  which  was  forced  down  by  the  pressure  of 
the  atmosphere,  and  elevated  by  the  counter- weight  at  the  far*^ 
tber  extremity  of  the  great  beam.  The  cylinder,  therefore,  was 
exposed  to  the  external  air  at  every  descent  of  the  piston,  and 
a  considerable  portion  of  its  heat  being  thus  abstracted,  a  cor- 
responding quantity  of  steam  was  of  consequence  destroyed. 
In  Mr*  Watt's  engines,  however,  the  external  air  is  excluded  bj 
a  metal  plate  at  the  top  of  the  cylinder,  which  has  a  hole  in  it 
for  admitting  the  piston  rod ;  and  the  piston  itself  is  raised  and 
depressed  merely  by  the  force  of  steam. 

When  these  improvements  are  adopted,  and  the  engine  coin 
atructed  in  the  most  perfect  manner,  there  is  not  above  i  part  of 
the  steam  consumed  in  heating  the  apparatus ;  and,  therefore, 
it  is  impossible  that  the  engine  c^n  be  rendered  f  more  power* 
fill  than  it  is  at  present. .  it  would  be  very  desirable,  however, 
that  the  force  of  the  piston  could  be  properly  communicated 
to  the  machinery  without  the  intervention  of  the  great  beam. 
This,  indeed,  has  been  attempted  by  Mr.  Watt,  who  has  eni^ 
ployed  the  piston-rod  itself  to  drive  the  machinery;  and  Mr. 
Cartwright  has,  in  his  engine,  converted  the  perpendicular  mo* 
tion  of  the  piston  into  a  rotatory  motion,  by  means  of  two 
cranks  fixed  to  the  axis  of  two  equal  wheels  which  work  in 
each  other.  Notwithstanding  the  simplicity  of  these  methods, 
none  of  them  have  come  into  general  use,  and  Mr.  Watt  still 
prefers  the  intervention  of  the  great  beam,  which  is  generally 
made  of  hard  oak,  with  its  heart  taken  out,  in  order  to  prevent 
it  from  warping.  A  considerable  quantity  of  power,  however, 
is  wasted  by  dragging,  at  every  stroke  of  the  piston,  such  a. 
mass  of  matter  from  a  state  of  rest  to  a  state  of  motion,  and 
then  from  a  state  of  motion  to  a  state  of  rest.  To  prevent  this 
loss  of  power,  a  light  frame  of  carpentry  has  been  employed  by 
several  engineers  instead  of  the  solid  beam.  Cast  iron  beama 
have  been  adopted  with  great  success.    {Brewster's  Ferguson.) 

7.  PI.  XXXI'  fig.  1,  represents  a  Steam-engine,  erected 
in  1802,  by  Messrs.  Murray  and  Wood  of  Leeds,  for  Framis 
Brewiji,  esq.  at  his  tan-yard  in  Willow  Walk,  Bermondsey ; 
and  fig.  2.  represents  some  parts  on  a  larger  scaler  aa  ia  the 
shaft  ibr  conveying  the  power  of  the  engine  to  work  a  bark- 
mill  and  several  pumps.  The  steam  from  the  boiler  enters 
tlirough  the  pipe  b  into  the  assemblage  of  pipes,  technically 
tt^rmed  nossels  or  valve-boxes,  represented  separately  in  fig.  2, 
whicli  contain  the  valves  for  distributing  the  steam  at  proper  in- 
teivuls  into  the  cylinder  cc,  and  letting  the  same  oJBF  again 
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♦b  the  condenser  m.  The  cylinder  cc,  which  is  cased  with 
^ood  to  keep  in  the  heat^  has  a  solid  piston  moving  in  it, 
Mrfaose  polished  piston-rod  d  passes  through  a  stuffing-box ;  the 
upright  motion  of  this  rod  is  converted  into  a  rotaty  one  by  the 
following  contrivance :  the  circular  rim  :jb,  three  feet  diameter, 
with  seventy-two  teeth  on  the  inside,  is  firmly  fixed  and  sus- 
pended from  the  floor,  by  two  cast-iron  pillars  ff  and  braces 
IL ;  the  small  wheel  o,  of  eighteen  inches  diameter  and  thirty- 
six  teeth,  is  made  to  revolve  within-side  of  the  rim^  so  as  al- 
ways to  touch  the  teeth  by  a  pin  (the  end  of  which  is  represent-^ 
cd  in  the  centre  of  the  wheel  q)  ,  firmly  fixed  on  the  wheel  ti, 
parallel  to  its  axis  a  a,  with  which  it  always  moves  ;  and  nine 
inches  from  its  centre,  on  the  circumference  of  the  wheel  G,  is  a 
bolt  I,  screwed  on  perpendicular  to  its  plane,  in  such  a  place, 
that  when  the  wheel  G  is  at  the  bottom  of  the  rim  E,  the  bolt  is 
on  the  lowest  tooth ;  and  when  the  small  wheel  is  at  the  top  of 
the  ritn,  it  is  on  the  highest :  to  this  bolt  the  piston-rod  d  and 
the  air*pump-rod  k  are  attached,  and  the  tops  of  these  rods,  by 
moving  up  and  down  in  right  lines,  passing  through  the  axis  of 
the  wheel  h,  will  communicate  a  rotatory  motion  to  diat  wheel^ 
imd  all  on^  the  same  shaft.  (See  the  article  Parallel 
Motion,) 

The  wheel  a,  on  the  axis  a  a  of  the  fly-wheel  nn,  communi- 
cates its  motion  by  the  wheels  shewn  in  fig.  2,  to  the  wheel  b  ; 
which  wheels  are  so  contrived,  that  one  revolution  of  the  fly 
will  produce  one  of  the  wheel  6,  on  whose  axis  are  two  eccen-> 
trie  wheels  c  and  d,  which  alternately  raise  the  rods  e  and^^  for 
opening-  the  valves  contained  in  the  short  cylinders  or  valve- 
boxes  gff  and  Ah :  each  of  these  boxes  has  three  divisions ;  the 
upper  division  of  the  upper  box  contains  a  Tahre  1,  called  the 
upper  steam-valve ;  its  use  is  to  admit  steam  from  the  boiler 
through  the  pipe  fi,  into  the  middle  division  which  communis 
cates  yt'iXh  the  cylinder ;  in  this  box  is  a  valve  2  (which  is  moved 
by  a  rod  passing  through  the  rod  of  the  other  valve  1),  called  the 
upper  condtming-^alve  (or  exhausting-valve) ;  it  is  for  opening 
a  passage  from  the  top  of  the  cylinder  to  the  condenser  by  the 
pipe  q.  In  the  same  manner^  the  upper  valve  3  of  the  lower 
box  is  called  .the  lower  steam-valvey  and  is  for  admitting  ateam 
into  the  lower  part  of  the  cylinder  by  means  of  the  pipe  r;  the 
Yalve  4  i>  for  connecting  the  bottom  of  the  cylinder  with  the 
condenser,  and  is  therefore  called  the  lots^r  condensing-valve. 
The  rody' connects  at  its  top  with  the  upper  condensing-vaJve 
(2),  and  the  lower  steam-valve  (3)  at  its  bottom;  it  will,  there* 
fore,  when  it  is  lifted  up  by  the  eccentric  wheel  d,  open  those 
valves,  and  by  caushog  a  vacuum  above,  and  a  pressure  of  steani 
benefith^  the  piston,  force  it  upwards,  and  move  the  machinei;y : 
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also  the  rod  e,  coonecting  ^rith  the  upper  steam  valve  i  at  its 
top^  and  the  lower  condensing-valve  4  at  its  bottom,  beiDg  lifted 
upliy  the  eccentric  wheel  c,  will  cause  the  piston  to  descend; 
but  this  will  not  be  the  case,  unless  one  rod  is  permitted  to  de-4 
scend  by  its  own  weight,  as  the  other  is  lifted,  otherwise  the 
steam  will  leave  free  passage  from  the  boiler  tp  the  condenser^ 
which  .operation  is  called  blowing  through. 

The  condenser  m  is  a  cylindric  vessel,  into  which  is  admitted 
a  small  jet  of  cold  water,  by  the  cock  /,  called,  the  injection- 
cock  :  the  bottom  of  the  condenser  communicates  by  a  short 
pipe  o  (which  pipe  contains  a  valve  shutting  towards  the  con-, 
denser),  with  the  air-pump  p,  four  inches  diameter  and  three 
feet  stroke ;  the  piston  df  the  air-pump  has  a  valve  in  it,  and  is 
moved  by  the  rod  k,  as  before  described ;  the  air-pump's  office 
is  to  extract  the  water  of  the  condensed  steam,  injection,  &c. 
from  the  ^condenser,  and  keep  the  vacuum  perfect.  The  air- 
pump  and  condenser  must  be  in  a  well  or  cistern  of  cold 
water. 

To  .work  this,  engine,  the  steam  must  be  made  of  sufficient 
elasticity  to  rush  forcibly  ou^  of  the  boiler  when  permitted  v 
draw  the  handles  n  and  0  apart  from  each  other,  which  acting 
as  levers  against  the  stubs  on  the  rods  e  andy)  will  raise  theui 
up  in  a  small  degree,  and  open  all  the  valves  at  once ;  and  the 
steam,  by  blowing  through,  will  expel  the  water,  air,  8cc.  which 
may  have  filled  the  cylinder  and  condei^ser,  at  a  valve  shutting 
outwards  in  the  condenser  for  that  purpose.     When  it  is  thought 
that  the  air,  8cc.  is  all  driven  out,  one  or  other  of  the  handlejs 
must  be  dropped  (according  to  the  position  of  the  wheel  g)  ; 
the  injection  cock  I  is  then  opened  by  its  handle  p,  which  sud- 
denly cooling  the  steam,  reduces  it  to  the  bulk  it  formerly  poa- 
9essed  in  the  boiler,  and  forms  a  vacuum  in  the  condenser;  tfie 
steam  from  the  cylinder  which  rushes  in  to  restore  the  equili- 
brium is  coildensed  as  it  goes,  and  almost  instantaneously  a 
nearly  perfect  vacuum  is  formed  on  one  side  of  the  piston;  and.  the 
steam  from  the  boiler  pressing  on  the  other,  destroys  the  equiliy 
brium  on  it,  and  puts  the  engine  in  motion.     When  the  piston 
is  at  the  top  of  its  stroke  by  the  arrangement  of  the  wheels  in 
fig.  2,  die  eccentric  wheel  c  will*  lift  the  rod  e  (at  the  time  the 
rod  f  is  permitted  to  descend  by  its  weight),  and  cause  the 

{»iston  to  descend;  and  when  at  the  bottom  the  rod  f  wilLbe 
ifted,  and  e  will  fall,  which  forces  it  upwards  again. 

To  stop  the  engine,  nothing  is  necessary  but  to  lift  up  both 
the  handles  and  shut  the  injection-cock  (which  should  always 
be  shut  when  the  engine  is  not  at  work),  to  prevent  the  cop- 
denser  from  filling  with  water ;  and  as  soon  as  the  momentum 
of  the  fly-wheel  is  spent,  the  motion  of  the  engine  will  cease  \ 


Beiiancourt^s  Steam^ensLine.  408 


O' 


it  might  a}so  be  stopped  by  only  cutting  off  the  injection^  which 
wouldy  after  a  considerable  number  of  strokes^  render  the  v?t^ 
cuum  so  imperfect  as  ta  destroy  its  pawer. 

The  cylinder  of  this  engine  is  twelve  inches  diameter,  and. 
has  a  three- feet  stroke ;  its  power  is  computed  at  four  horses^ 
it  makes  about  fifteen  strokes  per  minute,  and  burns  about  nine 
bushels  of  coals  in  fourteen  hours,  being  the  usual  ^period  of 
working. 


8.  M.  Betiancourt,  whose  curious  and  valuable  experiments 
on  die  expansive  force  of  steam  are  mentioned  in  the  introduc-' 
tc^  part  of  this  volume,  has  contrived  some  steam-engines  of 
double  effect ;  one  of  which  being  very  simple  and  ingenious^ 
may  here  be  described,  at  least  all  which  is  peculiar  to  it.  See 
fig.  3.  pi.  XXXI.  The  steam  coming  in  the  ordinary  wi^  from 
the  boiler,  which  is  omitted  to  render  the  design  more  simple, 
passes  through  the  tube  b,  and  introduce  itself  by  the  aperture 
«7  into,  the  space  of  which  the  circle  eef  represents  the  profile  or 
vertical  section.  This  chamber  eef  has,  besides  the  orifice  v, 
two  others,  the  one  placed  by  the  side  of  the  canal  d,  to  com- 
municate by  means  of  that  canal  with  the  superior  part  b  of  the 
cylinder  bb  ;  the  other  placed  below  at  t^',  and  communicates 
by  means  of  the  tube  or  canal  t;'  d  with  the  inferior  part  b^  of 
the  cylinder,  of  which  the  piston  is  represented  in  x*  The 
space,  or  circular  chamber  e^'  ef^\  communicates  in  a  similar 
manner  with  the  upper  and  lower  parts  of  the  cylinder,  by 
means  of  the  tube  v^^d,  and  the  banal  d\  Moreover,  this 
chamber  e^^  ef^^  communicates  by  means  of  the  orifice  t/"  with 
the  chamber  ff^^  where  the  valve  j  is  found  adapted  to  the 
aperture  through  which  issues  the  water  of  injection  destined 
to  condense  the  vapour:  this  valve  is  always  open,  except 
when  we  would  stop  the  machine ;  but  it  may  approach  the 
orifice  more  or  less,  according  to  tlie  velocity  which  we  would 
give  to  the  piston.  The  outlets  v  and  v'^^  are,  in  like  manner, 
always  open. 

The  orifices  v^,  xl\  and  those  which  establish  the  communi- 
cation with  the  cylinder  by  means  of  the  canals  d  and  d\  are 
closed  alternately  by  the  valves  gA,  or  gK  of  a  particular  kiVid. 
Fig.  3.  not  2.  represents  the  profile  of  either  of  these  valves. 
The  part  gh  curved  into  the  arc  of  a  circle  of  the  same  radius 
as  that  of  the  vertical  sections  €e',  e  e'^\  and  turning  upon  an 
axis  placed  at  the  centre  o,  may  in  its  revolution  close  any 
aperture  whatever  placed  upon  the  circumference  of"  those 
sections. 
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This  being  understood,  suppose  things  in  the  state^  re);ire^ 
seotedin  fig.  3.  no.  1.  and  the  vacuuooi  established  in  the  part 
of  the  cylinder  above  the  piston.  The  steam  entering  bj  the 
orifice  v,  finds  the  canal  d  closed,  passes  through  the  tttb^ 
v'  dy  but  cannot  introduce  itself  into  the  chamber  ^'  e"'  be- 
cause of  the  valve  ^hf\  it  therefore  enters  veholly  into  the 
lower  part  b'  of  the  cylinder.  Hence  it  acts  upon  the  piston  X, 
with  all  the  energy  of  which  it  is  capable :  the  piston  pusAies 
the  great  beam  by  means  of  the  piston-rod  xk,  and  the  oppo-> 
site  part  of  that  beam  acts  with  a  like  e£fort  upon  the  rod  or 
bar  destined  to  give  the  rotatory  motion  to  the  fly.  The  piston 
X  having  thus  arrived  at  the  highest  point  of  its  course,  the 
valve  g^A'  makes  a  part  of  a  rotation,  so  as  to  close  the  orifice  t/^^i 
and  open  the  canal  dl\  in  the  same  time  the  valve  gh  makef 
part  of  a  revolution  likewise,  to  close  the  aperture  xf  and  open 
tbe  canal  d*  The  aqueous  gas  continuing  to  enter  at  v^  which 
is  constantly  open,  finds  the  orifice  t^  closed,  penetrates  into  the 
canal  dj  and  not  having  any  passage  through  the  orifice  T/^,goes 
entirely  into  the  upper  part  of  the  cylinder :  during  tbis  time, 
the  steam  which  was  in  B^is  expelled  through  d'y  penetrates  into 
xf"f  which  is  always  open,  and  becomes  condensed  about  the 
«vaivey.  By  these  means  the  steam  which  enters  b,  acting  with 
all  its  energy  upon  the  piston  x,  makes  it  descend,  and  pro* 
duces,  by  descending,  equal  effects  to  those  it  caused  when  as^^ 
cendiog.  The  piston,  then,  having  arrived  at  the  lowest  point 
of  its  course,  the  valve  gh  which  closed  the  orifice  «/,  and  the 
valvag'A',  which  closed  the  orifice  r",  return  both  to  their  pri- 
mitive situation ;  and  so  on  throughout. 

The  extent  of  the  strokfe  of  the  piston  must  manifestly  be  ^uch 
that  the  apeitures  of  the  canals  at  d^  and  d'y  placed  in  the  side 
of  the  cylinder,  are  never  stopped  by  the  piston. 

Jt  is  almost  needless  to  say,  that  the  interior  mechanism  i^* 
lative  to  the  valves  gh,  ^  h\  may  be  moved  by  various  contri- 
vances, each  depending  upon  the  alternating  motion  Of  tbe 
piston:  so  that  qo  other  agents  will  be  required  distinct  tfom 
the  machinery,  than  what  are  wanted  for  keeping  up  the  fire. 


9.  In  the  bourse  of  the  last  20  years,  there  has  scarcely  been 
a  month  in  which  some  new  modification  of  tbe  steam-engine 
Jkis  not  been  proposed.  To  detail  all  these  is  impossible.  We 
shall  simply  specify,  in  addition  to  what  has  already  been  pre- 
sented, some  of  the  recent  inventions  of  Mr.  li.  JVtttv,  of 
Hull. 

in  February  1810,  this  mechanist  took  out  a  patent  for  rota* 
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tive  »teaiii-eiigineSy  the  revolving  motion  of  which  was  effected 
by  weights  alternately  drawn  to  and  driven  from  a  rentre,  round 
which  a  working  cylinder  or  cylinders  revolved ;  and  to  the  op- 
posite ends  of  the  piston  rod  or  rods,  that  passed  through  the 
said  cylinder  or  cylinders,  the  weights  were  attaished.  Improve* 
ments  on  these  engines^  for  which  a  patent  was  taken  in  Oc- 
tober 1811,  Mr.  Witty  states  to  consist  in  making  the  piston 
draw  or  force  round  the  machinery  to  be  worked  by  it,  whilst 
itself  moves  both  in  a  rectilinear  and  rotary  direction  in  a 
cylinder  or  steam  vessel ;  which  also  revokes  upon  an  axisy 
placed  either  in  an  horizontal,  vertical,  or  oblique  position.  The 
mechanical  contrivances  by  which  this  is  effected  are  of  various 
kinds,  which  cause  the  power  of  the  piston  to  draw  or  force  the 
cylinder  round  ;  and  move  the  mill-work,  or  machinery,  which 
is  attached  to  the  engine,  by  the  revolution  of  the  axis  or  shaft 
of  the  revolving  cylinder,  or  by  the  piston  rod  being  made  to 
act  upon  a  wheel,  or  other  contrivance,  upon  a  separate  axis  or 
shaft,  fixed  or  otherwise  as  occasion  may  require. 

To  admit  the  action  of  the  steam,  and  of  the  condenser,  in 
the  revolving  cylinder,  its  axis  is  bored  lengthwise  in  two  places,^ 
so  as  to  form  two  passages,  each  of  which  communicates  by 
lateral  pipes  with  the  end  of  the  cylinder  opposite  to  the  side  of 
the  .axis  in  which  it  lies ;  the  extremity  of  this  perforated  axis  is 
foroaed  of  a  conical  shape,  and  turns  in  a  box  made  to  fit  it,  in 
the  same  maimer  that  the  revolving  part  of  a  common  cock 
turns  in  its  barrel;  from  the  upper  part  of  this  box  a  pipe 
ps^ses  to  the  steam  boiler,  and  from  the  lower  part  another 
pipe  proceeds  to  the  condenser,  and  iaferal  apertures  are  made 
through  the  sides  of  die  axle  to  the  two  passages  within  it 
before-mentioned,  which,  as  the  axle  turns,  alternately  commu- 
nicate vvith  the  steam  pipe,  and  the  pipe  of  the  condenser  in  the 
box,  in  the  same  way  as  a  cock  with  two  ways  acts ;  with  which 
pock  this  part  of  the  engine  is  on  the  same  principle.  The  axle 
projects  through  the  box,  and  has  a  crank  >at  its  end^  by  which 
It  works  the  air-pump  of  the  condenser. 

Several  principles  are  mentioned  by  the  patentee,  on  which 
(he  cylinder,  prepared  as  desoibed,  can  force  itself  round; 
whi/ch  arp  all  of  the  nature  of  crank  or  cardioid  niotions ;  both 
of  which  however  may  b^  referred  to  one  source,  as  they  are 
paused  by  an  apparatus  m^de  to  protrude  and  retract  alter- 
nately betvjreen  ^wo  centres,  one  of  which  revolves^  and  the  odier 
is  fix^dt 

The  firs(  of  these  principles  stated  by  the  patentee,  (which  he 
caUs  a  cardioid  mption,  though  it  is  more  properly  a  crank  mo- 
tion,) eflfects  the  rotary  movement  by  the  action  of  ^  moving 
fvoqwe  on  a  fixed  centra }  whipbgropve  is  placed  at  right  angles 
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to  the  cylinder,  in  a  frame  that  is  connected  with  piston  rods 
proceeding  from  the  opposite  ends  of  the  cylinder,  and  of  course 
partakes  of  their  alternating  niotion. 

'  The  second  principle  consists  of  the  operation  of  the  ends  of 
piston  rods,  proceeding  from  the  opposite  extremities  of  the 
cylinder,  on  the  outside  of  the  rim  of  a  large  wheel,  whose 
centre  is  placed  at  the  distance  of  about  half  the  str6ke  of  the 
fiston  from  the  axis  of  the  cylinder.  The  rim  of  the- wheel 
projects  so  as  to  extend  to  the  line  of  the  piston  rods,  which  are 
bent  round  to  support  friction- wheels  outside  it,  that  alternately 
come  in  contact  with  steps  on  the  rim,  and  by  them  force  round 
the  wheel,  by  a  cardioid  motion ;  or,  in  other  words^  by  a  ino- 
tion  similar  to  that  which  levers  would  cause,  when  m^de  to 
press  alternately  on  the  outside  of  a  heart- wheiel. 

The  third  principle  is  a  variety  of  the  second,  aiid  consists  in 
making  the  large  wheel  before-mentioned  revolve  on  a  ring, 
mipported  by  friction-wheels,  which  includes  within  its  circum- 
ference the  axle  of  the  revolving  cylinder.  A  spe'cfes  of  this 
last  mode  is  mentioned  by  the  patentee,  that  deserves  particular 
notice,  in  which  the  ring  is  large  enough  to  include  within  it  the 
cylinder  and  protruded  piston-rods,  and  is  to  be^  placed  in  the 
plane  of  the  piston-rods,  and  at  right  angles  to  the  axiy  of  the 
cylinder. 

The  fourth  principle  consists  in  the  action  of  the  piston-rods, 
arranged  as  first  mentioned,  against  the  inside  of  a  heart-shaped 
ring,  placed  vertically  with  its  apex  downwards,  one  half  of 
which- ring  is  moveable  outwards  by  being  suspended  from  a 
hinge  at  its  upper  end.  The  axis  of  the  revolving  cylinder  is 
placed  in  one  of  the  centres  of  this  cardioid-ring ;  and  the  ends 
of  the  piston-rods,  furnished  with  friction-wheels,  press  alter- 
tiately  on  the  fixed  and  on  the  moveable  sides  of  the  ring,  and 
thus  produce  the  rotative  motion. 

•  A  fifth  mode,  mentioned  by  the  patentee  as  a  variety  of  the 
first,  deserves  to  be-  noticed  by  itself  for  its  greater  simplicity  ; 
it  consists  of  a  crank  a  quarter  the  length  of  the  stroke,  or  » 
fixed  centre  placed  at  that  distance  from  the  axis  of  the  cylinder^ 
from  which  a  ro(l  passes  to  the  top  of  the  piston-rod:  In  this, 
inethod,  and  also  in  the  first,  a  strong  iron  knee  proceeds  from 
the  fixed  centre  to  support  the  gudgeon-end  of  the  axis  of  the 
revolving  cylinder,  or  that  end  which  is  opposite  to  its  per-* 
forated  extremity.  The*  end  of  this  knee  next  the  fixed  centre 
is  driven  tight  into  a  piece  of  cast-iron  and  keyed  fast,  Which 
piece  is  bolted  down  to  a  beam  of  wood  that  supports  it.  -The 
fixed  centre  lies  between  the  angle  of  this  knee  and  its  support* 

The  advantages  of  i^team-engines,  constructed  on  these  prin^ 
etpleS)  over  common  engines,  the  patentee  mentions  to  consi&t 
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in  saving  the  power  lost  in  the  motion  of  Heavy  engine-beams, 
parallel  apparatus,  valves,  hand-gear '  for  moving  valves,  and 
plag-frames,  none  of  which  are  used  in-  his  engines  ;  and  in  the 
great  simplification  of  machinery,  which  arisies  from  their  re- 
moval. The  patentee  also'  states,  that  the  ponderous  fly-wheel, 
used  to  regulate  the  motion  in  other  engines,  may  in  his  he  in 
a  great  measure  dispensed  with. 

The  editor  of  the  *'  Retrospect"  from  the  thirty-second  num- 
ber of  which  the  preceding  account  of  Mr.  Witty's  contrivances 
is  tiaken,^  adds, 

"  When  any  goad  method  is  adopted  for  preventing  the  tend- 
ency to  bend  the  piston,  which  an  arm  at  right  angles  used  to 
force  round  the  engine  vvbuld  occasion,  in  the  manner  before 
explained,  then  the  fifth  or  Iftst  method  described  would  seem  to 
be  preferable  to  mgst  of  the'  others,  on  account  of  its  greater 
simplicity,  and  its  having  less  friction  than  them. 

"  On  the  contrary,  the  method  in  which  the  grooved  frame  is 
used  seems  the  worst,  on'  account  of  the  binding,  or  increased 
friction,  which  grooves  acted  on  by  oblique  impulses  always 
undergo,  especially  when  the  degree  of  the  obliquity  approaches 
so  very  near  a  direction  perpendicular  to  the  groove,  as  it  does 
on  this  occasion;  which, -added  to  the  defect  before  stated, 
woulii  occasion  a  very  great  waste  of  the  force  of  tl\p  engine. 
*  "  Of  all  the  methods,  however,  in  the  state  in  which  they  are 
described  by  the  patentee,  those  two,  in  each  of  which  the 
cylinder  revolves  within  a  ring  that  surrounds  it  in  the  plane  of 
the  piston-rod,  at  right  angles  to  the  axis  of  the  revolving 
cylinder,  appear  the  most  advantageous ;  because  in  them  less 
of  the  force  is  lost  in  oblique  movements,  and  the  piston-rods 
suflFer  no  injury  from  any  part  of  the  machinery  tendhig  to 
produce  lateral  impulses. 

^'  Of  these  two  methods,  that  with  the  revolving  ring  appears 
to  hb  preferable,  from  its  causing  less  friction,  and  producing  a 
more  free  motion ;  and  as  the  revolving  ring  might  be  likewise 
made  to  perform  the  office  of  a  fly-wheel,  it  would  also  be 
simpler.  A  mode  (not  mentioned  by  the  patentee)  of  applying 
the  smaller  ring,  that  extends  only  far  enough  to  include  the 
axis  of  the  cylinder,  and  is  described  first  in  the  account  of  the 
ibird  principle  of  the  patent,  seems  also  preferable  to  the  fixed 
ling,  and  nearly  if  not  fully  equal  to  the  revolving  ring,  from 
the  simplicity  of  constru(;tion  of  which  it  renders  the  engine 
capable. 

"  The  advantages  stated  by  the  patentee,  that  engines  on 
these  principles  possess  in  comparison  with  others,  seem  in 
inost  respects  justly  represented:  but,  on  the  other  hand,  it 
must  be  observed  that  Uiere  is  much  more-  force  lost,  in  ^v^ti 
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the  best  of  tlie  method?  proposed,  from  the  obliquity  of  the  tmr 
pulse  of  the  moving  power  to  the  motion  produced,  than  in  the 
beam  engine  anct  crapk ;  as  thfs  latter  acts  in  two  points  of  the 
revolutipn  at  right  angles  j:o  the  crank,  or  in  the  direction  of  the 
motion  produced,  which  is  the  n)ost  advantageous  direction^ 
while  in  none  <>f  the  pl^ns  proposed  by  the  patentee  does  the 
impulse  come  much  nearer  the  direction  of  Uie  produced  motioi^, 
than  wh^t  would  form  with  it  an  angle  of  forty-five  degrees. 

^^  We  Qiijst  differ  with  the  patentee  alsq,  as  tp  the  capability 
vhich  he  supposes  his  engines  afford  of  dispensing  with  fl>- 
wh^pl^;  thiniiiug  on  the  coiitrafy^  that  from  the  great  vacation 
of  the  force  prgduping  the  rotary  m^tipn,  in  various  p^rts  of 
the  revolution  (on  account  of  the  gre^t  difference  in  the  obli- 
quity of  its  direction)  the  fly-wheel  wouid  be  absolutely  neces- 
sary to  produce  equable  rgtativf^  qiptipp  in  them. 

*'  But  notwithstanding  that  some  loss  of  foncp  ^uld  be  caused 
by  the  obliquity  of  the  impulse  to  the  direction  pf  the  njotiou^as 
before  mentioned)^  we  think  that  very  useful  and  powerful  engine:^ 
^niay  be  formed  on  the  principles  invented  by  the  patentee,  tihen 
fhej  obtain  those  modifications,  which  practice  and  experience 
in  constructing  them  will  point  out;  and  that  n^xt  to  Mr. 
Mead*s  plan  for  a  rotative  steam-engine,  these  of  the  patentee 
are  by  far  the  most  ingenious  yet  laid  bji^forQ  the  public.    \V^ 
dlso  think,  that  in  point  of  simplicity,  and  iii  the  facility  of 
their  being  kept  in  order,  and  having  the  stuffing  kept  tight, 
and  renewed  when  wanted,  they  are  superior  to  Mr.  Mead's  en- 
gine: a|id  that  the  species  of  them  which  revolves  with  a  simple 
crank  motion,  and  that  with  the  larger  outside  revolving  ring, 
if  not  som^  of  the  other  kinds,  may  be  afforded  at  a  consider- 
ably low§r  price  jhan  Mr.  Mead's,  or,  when  the  mode  of 
making  thein  is  brought  to  perfection,  than  most  other  steam^ 
engines,  oq  account  pf  the  number  of  parts  and  the  quantity  of 
framing  used  in  other  engines^  that  may  be  omiUed  in  |lieir 
construction.'' 

10.  On  th^  Power  of  Sie(im-^Erigines,  and  the  Method  of 
computing  it, — Frpm  the  account  which  has  been  given  of 
steam-engines,  and  the  mode  of  operation,  it  must  be  evident 
that  the  power  depends  upon  the  breadth  and  height  of  the 
cylinder,  or,  in  other  words,  on  the  area  of  the  piston  and  the 
length  of  its  stroke.  If  we  suppose  that  no  force  is  loit  m 
overcoming  the  inertia  of  the  great  beam  in  Watt's  engine, 
and  that  the  lever  by  which  the  power  acts  is  equal  to  the 
lever  of  resistance;  then,  if  steam  of  a  certain  elastic  force 
is  admitted  above  the  piston  </,  so  as  to  press  it  downwards 
with  a  force  of  a  little  more  than  100  pounds,  it  will  be  able  to 
raise  a  weight  of  lOO  pounds  hanging  at  the  end  of  the  great 
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beam.  When  Uie  piston  has  descended  to  the  bottom  of  the 
cylinder,  through  the  space  of  4  feet,  the  weight  will  have  risen 
tfarou^  the  same  space,  and  100  pounds  raised  through  the 
height  of  four  feet,  during  one  descent  of  the  piston,  will 
exftf^s  the  ipeclianical  power  pf  the  engine.  But  if  the  area 
of  the  piston  q  and  the  length  of  the  cylinder  are  doubled,  while 
the  /expansive  force  of  the  steam  and  the  time  of  the  piston's 
xlescent  remain  the  same,  the  mechanical  energy  of  the  engine 
will  be  quadruple,  and  will  be  represented  by  200  pounds  raised 
through  the  space  of  8  feet  during  the  time  of  the  piston's 
descent*  llie  power  of  steam-engines,  therefore,  is  ceteris 
paribus  in  the  compound  ratio  of  the  area  of  the  piston,  and 
the  length  of  the  stroke.  These  observations  being  premised, 
it  will  be  easy  to  compute  the  power  of  steam-engiues  of  any 
size. 

Thus,  let  it  be  required  to  determine  the  power  of  steam- 
engines,  whose  cylinder  is  24  inches  diameter,  and  which 
make  2£  double  strokes  in  a  minute,  each  stroke  being  5 
feet  long,  and  the  force  of  the  steam  being  equal  to  a  pres- 
sure of  12  pounds  avoirdupois  upon  evei^  square  inch. 
The  diameter  of  the  piston  being  multiplied  by  its  circum- 

fei^nce,    and    divided    by    4,   will    give   its    area   in    square 

———————  , 

inches :  thus,  g4x3i4i6x'24  —45^.4^  jjjg  number  of  square  inches 

4 

exposed  to  the  pressure  of  the  steam.  Now  if  we  multiply 
this  area  by  12  pounds,  the  pressure  upon  every  square  inch, 
we  shall  have  452-4  x  l2r:5428J<  pounds  the  whole  pressure 
upon  die  pislon,  or  the  weight  which  the  engine  is  capable  of 
raisii^.  But  since  the  engine  performs  22  double  strokes,  .5 
feet  long,  in  a  minute,  the  piston  must  move  through  22  x  5  x  2 
=220  feet  in  the  same  time;  and  therefore  the  power  of  the 
engine  will  be  represented  by  *0428'8  pounds  avoirdupois, 
raised  through  220  feet  in  a  minute,  or  by  10*4  hogsheads  of 
water^  ale  measure,  raised  through  the  same  height  in  the  same 
lime.  Now  this  is  equivalent  to  5428-8  x  220  =:  1194336 
pounds,  or  10*4x220  =  2288  hogsheads  raised  through  the 
height  of  one  foot  in  a  minute.  This  is  conformable  to 
Smeaton's  measure  of  mechanical  power.  (See  art.  477. 
vol  i.)  But  as  steam  engines  were  substituted  in  the  room 
of  horses,  it  has  been  customary  to  calculate  their  mechanical 
energy  in  horse^  powers^  or  to  find  the  number  of  horses  which 
could  perform  the  same  work.  This  indeed  is  a  very  vague 
expression  of  power,  on  account  of  the  different  degrees  of 
strength  which  different  horses  possess.  But  still,  when  we 
are  told  that  a  steam-engine  is  equal  to  sixteen  hor^s,  we 
Mve  a  more  distinct  conception  of  its  power^  than  whence  ajre 
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informed  that  it  is  capable  of  raising  a  number  of  pounds  through 
h  certain  space  in  a  certain  time. 

Messrs.  Watt  and  Boulton  suppose  a  horse  capable  of  rais- 
ing 3^,000  pounds  avoirdupois,  1  foot  high  in  a  minute,  while 
Dr.  Desaguliers  makes  it  27,500  pounds,  and  Mr.  Smeaton  only 
22,9 1 6.  If  we  divide,  therefore,  the  number  of  pounds  which 
any  steam-engine  can  raise  1  foot  high  in  a  minute,  by  these 
three  numbers,  each  quotient  will  represent  the  number  of 
horses  to  which  the  engine  is  equivalent.  Thus,  in  the  present 
example  » HV^.i*  =  37  j  horses,  according  to  Watt  and  Boulton; 
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^^6  =4^3^  horses,  according  to  Desaguliers;  and 
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=52-1  horses,  according  to  Smeaton.  In  this  calculation  it  is 
Supposed  that  the  engine  works  only  eight  hours  a  day;  so 
that  if  it  wrought  during  the  whole  24  hours,  it  would  be 
equivalent  to  thrice  the  number  of  horses  found  by  the  pre- 
ceding rule. 

Before  concluding  this  article,  we  shall  state  the  performance 
of  some  of  these  engines,  as  determined  by  experiment.  An 
engine  whose  cylinder  is  31  inches  in  diameter,  and  which  makes 
17  double  strokes  per  minqte,  is  equivalent  to  40  horsesj 
working  day  and  night,  and  bums  11,000  pounds  of  StaiFord- 
shire  coal  per  day.  When  the  cylinder  is  19  inches  and  the 
engine  makes  25  strokes  of  4  feet  each  per  minute,  its  power  is 
equal  to  that  of  12  horses  working  constantly,  and  bums  3,700 
pounds  of  coals  per  day.  And  a  cylinder  of  24  inches  which 
makes  22  strokes  of  5  feet  each,  performs  the  work  of  20  horses, 
working  constantly,  and  bums  5,500  pounds  of  coals.  Mr. 
Boulton  has  estimated  their  performance  in  a  different  manner. 
He  states  that  1  bushel  of  Newcastle  coals,  containing  84 
pounds,  will  raise  30  million  pounds  1  foot  high ;  that  it  will 
grind  and  dress  11  bushels  of  wheat;  that  it  will  slit  and  draw 
into  nails  5  cwt.  of  iron ;  that  it  will  drive  1000  cotton  spindles, 
with  all  the  preparation  machinery,  with  the  proper  velocity ; 
and  that  these  effects  are  equivalent  to  the  work  of  10  horses. 
{Brewster's  Ferguson*) 

The  largest  steam-engine  which  we  believe  has  been  ever 
erected  was  set  up  in  1811,  by  Mr.  Mayle,  at  Chau water  mine  in 
Cornwall.  It  is  equal  in  power  to  1010  horses;  and  is  em- 
ployed in  keeping  dry  by  pumps  a  mine  of  100  fathoms  deep. 

It  is  much  to  be  regretted  that  in  the  country  where  all  the  great 
and  essential  improvements  in  steam-engines  have  been  made, 
and  where  so  noble  a  species  of  mechanism  was  invented,  there  is 
rid  separate  treatise  on  their  construction  and  history.  What  is 
here  given  is  a  mere  collection,  correct,  it  is  hoped,  but  very 
limited.  They  who  wish  to  go  farther  into  this  interesting 
enquiry  may  turh  to  tlie  article  STBAM-e/igtwe  in  the  Encyclo- 


Steantrboati.  41 1 

pacUa  Britannica,  the  Pantotogiay  and  Brewster* s  Ferguson's 
Lectures;  to  the  successive  volumes  of  the  Repertory  &f  Arts 
and  Manufactures  J  to  the,  2d  volupae  of  Prony,  Architecture 
Hydrauliquey  and  to  Hachette,  Traite  des  Machines.  Mn 
Robertson  B.uchanau's  treatises  on  the  "  Economy  of  Fuel, 
and  on  Locomotive  Machinery/'  will,,  we  doubt  not,  go  far  to- 
wards supplying  an  important  desideratum :  but  something  else 
will  still  be  wanting,  we  apprehend,  in  Reference  to  this  point. 
•  STBA^i-boats, — Several  attempts  have  been  made  to  apply  the 
force  of  steam  to  the  purpose  of  propelling  boats.  One  of  the 
earliest  projects  of  j;his  kind  was  in  1736,  when  a  patent  was 
taken  out  for  a  boat  to  be  moved  by  steam.  The  next  was  that 
of  Mr.  Symington.  In  his  boat,  by  placing  the  cylinder  nearly 
in  a  horizontal  position,  the  introduction  of  a  beam  is  avoided. 
The  piston  is  supported  in  its  position  by  friction  wheels,  and 
communicates,  by  means  of  a  jomt,with  a  crank,  connected  with 
a  wheel,  which  gives  the  waler-wheel,  by  means  of  its  teeth,  a 
motion  somewhat  slower  than  its  own;  the  water-wheel  serving 
also  as  a  fly.  This  water-wheel  is  situated  in  a  cavity  near  the 
stem,  and  in  the  middle  of  the  breadth  of  the  boat,  so  that  it 
becomes  necessary  to  have  two  rudders,  one  on  each  side,  con- 
nected together  by  rods,  which  are  moved  by  a  winch  near  the 
head  of  the  boat,  so  that  the  person  who  attends  the  engine 
inay  also  steer. 

Mr.  Symington  has  likewise  placed  an  arrangement  of 
stampers  at  the  head  of  the  boat,  for  the  purpose  of  breaking 
ihe  ice  on  canals,  an  operation  often  attended  with  great  labour 
and  expense.  These  stampers  are  raised  in  succession  by 
levers,  the  ends  of  which  are  depressed  by  the  pins  of  wheels 
turned  by  an  axis  communicating  with  the  water-wheel.  A 
dreawing  of  this  steam-boat  is  given  by  Dr.  Young  in  the  1st 
vol.  of  his  Natural  Philosophy. 

Steam-boats  now  work  on  the  passage  between  London  and 
Gravesend;  and  several  are  employed  on  different' canals  in 
Scotland.  The  follovving  account  of  the  steam-boats  on  the 
Clyde,  by  Mr.  Robertson  Buchanan,  of  Glasgow,  was  published 
in  No.  203  of  Tilloch's  Philosophical  Magazine. 

*^  So  early  as  the  year  1801,  a  vessel  propelled  by  steam  was 
tried  on  the  Forth  and  Clyde  inland  navigation,  but  was  laid 
dside>  among  other  reasons,  oh  account  of  the  injury  it  threat- 
ened the  banks  of  the  canal  by  the  agitation  of  the  water:  and 
as  far  as  I  can  learn,  the  same  objection  still  subsists  to  the 
use  of  steam-boats  on  artificial  canals  so  narrow  as  those  usual 
in  Great  Britain.  That  objection,  however,  I  should  think,  does 
not  apply  to  some  of  those  of  Holland  and  other  countries,  on 
the  continent.  .       >  , 
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'^  The  first  attempt  on  any  scale  worthy  of  notice,  to  jiavigate^ 
by  8teatn  on  the  river  Clyde,  was  in  the  year  1812*.  A  passage 
boat  of  about  40  feet  keel  and  10|  feet  beam,  having  a  steam* 
engine  of  only  three  horses*  power,  besan  to  ply  on  the  rivcf; . 
Since  that  period  the  number  of  boats  has  gradually  increased.  , 

**  Besides  tin  ee  vessels  which  have  left  the  Clyde,  there  are 
six  at  present' plying  on  the  river,  two  of  which  carry  goods  at 
well  as  passengers.  They  have  on  the  whole  been  gradually 
increased  in  tonnage  as  well  as  in  the  power  of  their  engines; 
and  still  larger  boats  and  more  powerful  engines  are  now  coii^ 
structing:  among  others  one  of  about  100  feet  keel  and  H  jfi^et 
beam  with  an  engine  of  (i!4  horses'  power ;  and  one  of  equal 
burthen,  having  an  engine  of  SO  horses'  power.  These  boats 
are  all  neatly  litted  up,  and  some  of  them  ev^n  elegasitly  d^-i 
corated. 

**  On  board  all  the  passage  steam-boats  are  newspaper^ 
pamphlets,  books,  8cc.  for  the  amusement  of  the  passenser^^aud 
such  refreshments  as  are  desirable  on  so  short  a  voyage,  a  dis^ 
tance  of  about  26  miles  by  water,  and  24  by  land. 

*^  The  voyage  betwixt  Glasgow  and  Greenock,  including 
stoppages  at  intermediate  places,  is  commonly  accomplished  in 
from  three  to  four  hours,  the  vessels  taking  advantage  of  the  tide 
as  far  as  circumstances  will  permit:  but  as  they  start  at  different 
hours  from  die  same  place,  they  are  sometimes  obliged  to  go 
part  or  nearly  the  whole  of  their  voyage  against  the  tide. 

"  The  voyage  has  been  accomplished  in  2^  hours;  the  tide 
being  favourable,  but  against  a  moderate  breeze  of  contrary 
Mind-f*. 

**  At  first,  owing  to  the  novelty  and  apparent  danger  of  the 
conveyance,  the  number  of  passengers  was  so  very  small  that 
the  only  sleam-boat  then  on  the  river  could  hardly  clear  her  ex- 
penses: but  the  degree  of  success  which  attended  that  attempt 
soon  commanded  public  confidence.  The  number  of  passen- 
gers which  now  go  in  those  boats  may  seem  incredible  to  those 
who  have  not  witnessed  it.  Travelling  by  land  has  not  only 
been  nearly  superseded,  but  the  communication  very  greatly 
increased,  owing  to  the  cheapness  and  facility  of  the  couveyance. 
Many  dajs,  in  fine  weather,  from  500  to  600  have  gone  from 
Glasgow  to  Port-Glasgow  and  Greenock,  and  returned  in  the 
»ame  day.    One  of  the  boats  alone  has  been  known  to  carry  247 

*  The  first  steam-boat  in  America  was  launclied  at  New- York  on  th« 
3d  of  October,  1 807>  and  began  to  ply  on  the  river  between  that  city  and 
Albany,  a  distance  of  about  ISO  miles. 

t  The  time  which  was  allowed  to  the  mail-coach  to  go  between  those 
towns  was  3$  hours,  but  owing  to  extraordinary  exertion  some  «f  the 
ioaches  now  run  that  distance  iu  about  2l  hours. 
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at  one  lime.  The  iocreaise  of  travelling  in  comequence  of 
navigation  by  steami  may  be  estimated  by  the  number  that  went 
in  the  common  passage  boats  before  the  introduetion  of  this 
^gent :  at  that  time,  the  highest  estimate  even  for  summer  did 
not  much  exceed  50  up  and  50  down^  and  those  generally  of  the 
lower  class  of  the  people.  The  number  that  then  went  by 
coaches  may  be  thus  estimated:  four  coaches  up  and  four  down, 
which  might  average  six  passengers  each. 

''  In  the  summer,  the  pleasure  of  the  vpyage  and  the  beauty 
of  the  sceneiT  attract  multitudes;  and  die  bathing-placeis  be- 
low Greenock  have,  in  consequence  of  the  easy  passage,  been 
crowded  beyond  former  example.*' 

"  General  Description. — ^A  variety  of  modes  of  propelling 
steam-boats  by  the  power  of  steam-engines  have  been  projected, 
and  many  of  them  tried:  but  those  on  the  Clyde  have  their 
machinery  all  constructed  on  one  general  plan ;  namely,  that  of 
paddle-wheels  similar  to  under-shot  water-mill  wheels  on  each 
side  of  the  vessel,  which  are  put  in  motion  by  the  steam- 
engine. 

**  Plate  XXa.  fig. 4.  An  elevation;  a  side  view  showidgone 
of  the  paddle  wheels. 

fig.  5.  A  plan,  showing  the  extent  of  cabin  floor. 

A.  The  fore  or  second  cabiQ. 

BB.  Space  for  the  machinery* 

c.  The  iron  chimney,  serving  also  as  a  mast. 

i>.  The  boiler. 

EE.  The  steam-engine. 

G.  TLlie  crank« 

H.  The  fly-wheel. 

1 1 .  The  paddle-wheels. 

K.  Ladies'  cabin. 

L.  Steward's  room. 

M.  Principal  cabin.  ^ 

NN .  Stairs  down  to  the  cabinff. 

oo.  Water  closet, 

pp  8cc.  Gangway. 

QQQ.  Seats  at  stern  and  on  the  (leek. 

R.  The  rudder. 

s.  Covering  of  paddle-wheels." 

STEEL-YARD,  an  instrument  used  for  weighing;  goods, 
&c. ;  the  theory  of  which  was  concL^ely  stated  in  art.  1 38  of  ouv 
first  volume,  and  succeeded  by  a  few  remarks  on  its  couveui- 
ences  and  incoHveuiences.      In  addition  to    what  was  tiijere 
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observed  we  may  fiow' state,  that  steel-yardsr,  in  the.  trbmmoii  . 
purposes  of  commerce,  have  two  advantages  oyer  balances., 
1.  That  their  axis  of  suspension  is  not  loaded  with  any  .other 
weight  than  that  of  the  merchandise,  the  constant  weight  of 
the  apparatus  itself  excepted ;  while  the  axis  of  ,the  bsdance^ 
besides  the  weight  of  the  instrument,  sustains  a  weight  double, 
to  that  of  the  merchandise.  2.  The  use  of  the  balance  rc^^uires. 
a  considerable  assortment  of  weights,  which  caused  bropprr 
tional  increase  in  the  price  of  the  apparatus,  independently  of  the 
chances  of  error  which  it  multiplies,  and  of  the  time  employed 
in  producing  an  equilibrium.  These  motives  induced  C.  Paulf 
inspector  of  weights  at  Geneva,  to  employ  his  thoughts  on  thc^ 
means  of  so  far  improving  steel-yards,  that,  either  in  delicate 
operations  of  the  arts,  or  in  those  of  the  same  kind  which  are. 
often  so  necessary  in  the  practice  of  the  physical  sciences,  these 
instruments  might  be  substituted  with  advantage  for  commoq 
balances.  In  order  that  we  may  better  explain  in 'what  the  iai-: 
provement  of  these  steel-yards  consist,  it  will  be  proper  to 
point  out  what  were  the  faults  of  the  common  ones. 

1.  There  were  none  of  them,  in  which  the  points  of  suspen- 
sion were  exactly  in  the  prolongation  of  die  liife  of  the  divi- 
sions of  the  beam ;  a  circumstance  which  necessarily  changed 
the  relation  between  the  arms  of  the  lever,  the  power,  anjj  the 
resistance,  according  as  the  direction  of  the  beam  was  changed 
from  a  horizontal  position.  *  We  have  seen  steel-yards,  in  which 
a  degree  only  of  difference  m  the  inclination  of  the  beam  pro- 
duced the  difference  of  more  than  a  pound  in  the  result. 

2.  When  the  shell,  the  beam,  and  weight,  are  made  at 
hazard,  a  person  who  possesses  a  steel-yard  cannot  know  when 
the  instrument  is  deranged ;  and  even  an  artist  cannot  repair  it, 
but  by  repeated  trials,  and  with  a  great  l6ss  of  time. . 

3.  The  construction  of  the  common  steel-yards,  which  have 
a  small  and  a  large  side,  renders  it  necessary  to  invert  them 
frequently;  a  laborious  operation  when  these  instruments  are 
heavy,  and  which  exposes  the  axes  to  the  danger  of  damage  by 
the  effect  of  the  shocks  which  that  turning  occasions. 

As  these  double  sides  render  it  necessary  to  have  a  beam  very 
straight,  in  order  that  it  may  be  less  faulty,  it  readily  bends, 
which  is  a  new  source  of  error;  and,  the  face  which  bears  the 
numbers  being  narrow  in  proportion,  it  is  difficult  to  form  on 
it  numbers  sufficiently  visible.  These  inconveniences  are  all 
avoided  by  the  construction  of  C.  Paul,  which  presents,  besides, 
several  other  advantages  not  possessed  by  die  old  steel-yards. 

1 .  The  centres  of  the  movement  of  suspension,  or  the  two 
constant  centres,  are  placed  on  the  exact  line  of  the  divisions  of 
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the  beam;  an  elevsktion  almost  iinperceptible  in  the  axis  of  the. 
beam^  destined  to  compensate  for  the  very  slight  flesuM)!!  of  the 
bar^  alone  excepted. 

2.  The  apparatus,  by  the  construction  of  the  beam,  is  ba- 
lanced below  its  ceiitre  of  motion ;  so  that  when  no  weight  is 
suspended,  the  h[eam  naturally  remains  horizontal,  and  resumes, 
that  position  when  removed  from  it^  a»aIsQ  when  the  steel-yard 
is  loaded  and  the  weight  is  at  the  division,  which  ought  to  shew 
how  much  the  merchandise  weighs.  The  horizontal  situation 
in  this  steel-yard,  as  well  an  in  the  others,  is  known  by  means 
of  the  tongue,  which  rises  vertically,  above  the  axis  of  sus~ 
pension. 

3.  It  may  be  discovered  tliat  the  steel-yard  is  deranged,  if^ 
when  not  loaded,  the  beam  does  not  remain  horizontal. 

4.  The  advantage  of  a  great  and  a  small  side  (which  in  the 
others  augments  the  extent  of  their  power  of  weighing)  is  sup- 
plied by  a  very  simple  process,  which  accomplishes  the  same 
end  with  some  additional  advantages.  This  process  is  to  employ, 
on  tbe  same  division,  different  weights.  The  numbers  of  the 
cBvisiohs  on  the  bar  point. out  the  degree  of  heaviness  expressed 
by  the  corresponding  weights.  For  example,  when  the  large 
weight  of  the  large  steelry.ard  weighs  18  pounds  each  division 
it  passes  oyer  on  the  bar  is  equivalent  to  a  pound;  the  small 
weight,  weighing  eighteen  .times  less  than  the  large  one,  will 
represent,  on  each  of  these  divisions,  the  eighteenth  part  of  a 
pound  or  ounce ;  and  the  opposite  face  of  the  bar  is  marked  by 
pounds  at  each  eighteenth  division.  In  this  construction,  there- 
fore, we  have  the  advantage  of  being  able,  by  employing  both 
weights  at  once,  tp.  ascertain,  for  example,  almost  within  an 
ounce^  the  weight  of  500  pounds  of  merchandise.  It  will  be 
sufficient  to  add  what  is  indicated  by  the  small  weight  in  ounces, 
to  that  of  the  large  one  in  pounds,  after  an  equilibrium  has 
been  obtained  by  &e  position  of  the  two  weights,  viz.  the  large 
one  placed  at  the  next  pound  below  its  real .  weight,  and  tb^ 
small  one  at  the  division  which  determines  the  number  of 
ounces  to  be  added. 

5.  As  the  beam  is  graduated  only  on  one  side,  it  may  have 
the  form  of  a  thin  bar,. which  renders  it  much  less  susceptible 
of  being  bent  by  the  action  of  the  weight,  and  affords  room  for 
niaking  the  figures  more  visible  on  bodi  the  faces. 

6.  In  these  steel-yards  the  disposition  of  ttie  axes  is  not  only 
such  that  the  beam  represents  a  mathematical  lever  without 
weight ;  but  in  the  principle  of  its  division,  the.interval  between 
every  two  divisions  is  a  determined  and  aliquot  part  of  the 
distance  between  the  tw.o  fixed  points  of  suspension ;  and  each 

'    of  the  two  weights  employed  has  for  its  absolute  weight  the 
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unity  of  the  \reight  it  repretents,  multiplied  by  the  dQtnbcr  of 
the  diviAons  contained  in  the  interval  between  the  two  c<MMaiit 
centres  of  motion.  Thus,  supposin«:  the  arms  of  the  8teel*jaid 
divided  in  such  a  manner  that  ten  divisions  are  exactly  contained 
in  the  distance  between  the  two  constant  centres  of  motion,  a 
weisht  to  express  the  pounds  on  each  division  of  the  beam  muf t 
really  weigh  ten  pounds ;  that  to  point  out  the  ounces  on  the 
same  divisions  must  weigh  ten  ounces,  &c.  So  that  the  same 
steel-yard  may  be  adapted  to  any  system  of  measures  whatever, 
and  in  particular  to  the  decimal  system,  by  varying  the  absolute 
heaviness  of  the  m  eiglits^  and  their  relation  with  each  other. 
The  application  of  this  principle  will  be  seen  hereafter  in  the 
description  of  the  steel-yard,  to  which  C.  Paul,  with  great  pro- 
priety, has  given  the  name  of  universal  steeUyard. 

But  to  trace  out,  in  a  few  words,  the  advantages  of  the 
steel-yards  constructed  by  C.  Paul  for  commercial  purposes,  we 
shall  only  observe,  1 .  That  the  buyer  and  seller  are  certain  of 
the  correctness  of  the  instrument,  if  the  beam  remains  hori- 
zontal when  it  is  unloaded  and  in  its  usual  position.  2.  Tliat 
these  steel-yards  have  one  suspension  less  than  the  old  ones,  and 
are  so  much  more  simple.  '6.  That  by  these  means  we  obtain, 
with  the  greatest  facility,  by  employing  two  weights,  the  exact 
weight  of  merchandise,  with  all  the  approximation  that  can  bd 
desired,  and  even  with  a  greater  precision  than  that  given  by 
common  balances.  There  are  few  of  these  which,  when  loaded 
with  500  pounds  at  each  end,  give  decided  indications  of  an 
ounce  variation ;  and  the  steel-yards  of  C.  Paul  possess  that  ad« 
vantage,  and  cost  one-half  less  than  balances  of  equal  dominion. 
4.  In  the  last  place  we  may  verify,  every  moment,  the  justness 
of  the  weights,  by  the  transposition  which  their  ratio  to  each 
other  will  permit ;  for  example,  by  observing  whether,  when 
the  weight  of  one  pound  is  brought  back  one  division,  and  the 
weigiit  of  one  ounce  carried  forwards  eighteen  divisions,  the 
equilibrium  still  remains. 

If,  instead  of  ascertaining  the  weight  of  the  merchandise  in 
pounds,  you  wished  to  find  it  according  to  the  system  of  deca-^ 
grammes,  hectogrammes,  and  kilogrammes,  it  would  be  sufficient 
to  substitute,  for  the  ordinary  weights,  an  assortment  of  three 
weights  bearing  the  above  names.  These  three  weights  are  the 
decuple  one  of  the  other;  and  the  absolute  weight  of  that 
called  kilogramme,  is  to  the  absolute  weight'  of  tiiat  called 
pound,  in  the  exact  ratio  of  these  two  quantities.  It  may  be  here 
seen,  that,  by  adapting  to  the  steel-yard  a  system  of  three 
weights,  we  may  arrive  at  the  second  decimal,  or  the  centiemes 
of  the  unity  of  the  weights  employed,  and  even  without  adding 
or  changing  any  thing  in  the  division  of  the  beam. 
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'Ills  on  thb  simple  and  advantageous  prinGipIe  that  C^  Paul 
has  constructed  his  universal  steel-3^ard.  It  serves  for  weighing 
Id  the  usual  manner,  and  according  to  any  system  of  weights,  all 
ponderable  bodies  to  the  precision  of  half  a  grain  in  the  weight 
of  a  hundred  ounces  ;  that  is  to  say,'  of  a  ten-thousandth  part. 
It  is  employed,  besides,  for  ascertaining  the  specific  gravity  of 
Solids,  of  liquids,  and  even  of  the  air  itself,  by  processes  ex- 
tremely simple,  afnd  which  do  not  require  many  sub-divisions  in 
the  weights. 

The  beam  of  this  steel-yard  when  unloaded  rests  in  equilibrio 
in  a  horizontal  position*  The  shears  are  suspended  by  a  screw 
to  a  cross  horizontal  bar  of  wood  supported  by  two  vertical 
pillars,  which  rest  on  the  two  extremities  of  a  small  wooden  box 
furnished  with  three  drawers,  and  which  serves  as  the  stand  of 
the  apparatus.  This  beam  is  divided  into  200  equal  parts, 
beginning  at  its  centre  of  motion.  The  division  is  differently 
marked  on  the  two  faces :  on  the  anterior  face  the  numbers 
follow,  each  other  from  10  to  200,  proceeding  towards  the  ex- 
tremity; and  on  the  other  face,  the  numbers  are  marked  in  the 
opposite  direction.  We  shall  soon  explain  the  use  of  this  dif- 
ference in  the  order  of  numeration. 

A  small  vertical  frame  hangs  from  the  cross-bar  nearly  at  the 
further  extremity  of  the  steel-yard,.and  is  destined  to  prevent  the 
oscillation  of  the  beam ;  it  is  placed  at  the  proper  height  by 
ibeans  of  the  nut  and  screw  by  which  it  is  suspended.  Above 
the  beam  is  a  small  cross-bar  of  brass,  suspended  by  its  two 
extremities  from  the  cross-bar  of  wood.  Different  weights  are 
hooked  to  it,  each  having  marked  on  it  its  particular  value. 
And,  in  the  last  place,  a  small  mercurial  thermometer  haviug 
the  two  most  usual  divisions,  viz.  Fahrenheit's  and  Reaumur's/ 
and  destined  to  point  out  the  temperature  of  the  air  and  the 
water  during  tlie  experiments.  The  axis  of  suspension  of  the 
ateel-yard  rests  upon  two  beds  of  very  hard  well-polished  steel. 
The  case  is  the  same,  but  in  a  reversed  situation,  with  the  axis 
^hich  supports  the  hook,  that  serves  for  suspending  different 
parts  of  the  apparatus,  according  to  the  purpose  to  which  it  is 
to  be  applied. 

When  you  wish  to  employ  it  as  a  common  steel-yard,  you 
suspend  from  it  a  brass  shell,  which  is  an  exact  counterbalance 
for  the  weight  of  the  beam  when  unloaded.     The  latter  then 
sssonies  of  itself  a  horizontal  situation.     You  then  search  for 
Ae  equilibrium  of  the  substance  put  into  this  shell,  by  positing 
^  the  proper  place,  on  the  beam,  the  weight  and  its  fractions 
^•"responding  with  the  system  of  weights  adopted ;  and  when 
fo^M  have  found  the  equilibrium,  you  observe  the  weight  indi- 
ct. «d  by  the  divisions  on  which  each  of  the  weights  employed 
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m  founds  exactly  in  th«  same  Butaner  as  is  done  in  regard  to  the 
common  5teel*yard. 

There  is  also^as  part  of  the  apparatus,  a  glass  shell  sus^endedf 
occasionally  in  a  jar  filled  to  a  certain  height  with  waten  Tl^ 
shell  is  intended  tor  experiments  relative  to  the  specific  gravity 
of  solids.  It  is  in  equilibrium,  if,  when  immersed  into  watet 
at  20P  of  Reaumur,  as  far  as  the  junction  of  the  three  silver 
wires  by  which  it  is  supported,  it  exactly  balances  the  weight 
of  the  beam  unloaded. 

When  }ou  wish,  then,  to  try  the  specific  gravity  of  a  fiK>Iid, 
you  first  weigh  it  in  air ;  but  by  putting  it  into  the  brass  shell,; 
and  then  substituting  the  glass  one,  you  weigh  it  in  water.  It 
is  well  known  that  the  difference  of  Uiese  weights,  employed  as 
a  divisor  of  the  total  weight  in  air,  gives  for  quotient  the  spe- 
cific gravity.  Care  must  be  taken,  as  m  all  experiments  of  the 
kind,  that  no  bubble  of  air  adheres  to  that  part  of  the  appar^ua 
immersed  in  the  water,  or  to  the  substance,  the  weight  of  wliick. 
is  required,  and  which  is  immersed  also. 

There  is  likewise  a  solid  glass  ball  destined  for  tlie  purpoae  o€ 
ascertaining  the  s|>ecific  gravity  of  liquids,  in  the  foElowiBg 
manner : — This  piece  is  furnished  with  a  hook  of  fine  gold,  thai 
it  may  be  inoimersed  without  inconvenience  in  acids,  n  bea  it  is 
suspended  to  die  hook  of  the  steel-yard,  and  ia  the  air>  it  is  iif 
equilibriuni  with  the  beam  loaded  at  its  extremity  (either  at  the 
division  marked  0  (nothing)  on  the  backside  of  the  beam)  with 
weights  entided  specific,  and  t^o^  of  specific  hooked  on  at  the 
other. 

This  ball,  immersed  in  distilled  water  at  12^  of  Reaumur  as 
far  as  the  end  of  the  straight  metal  wire  which  suspends  it,  is 
sliU  in  equilibrium  with  these  two  weights  placed  in  the  fol- 
lowing manner,  viz.  the  large  oa)e  at  the  division  in  the  middle 
of  the  beam  marked  water  on  the  backside  of  the  beam,  and  the 
small  one  at  the  division  0,  that  is  to  say,  the  extremity. 
When  the  apparatus  is  thus  prepared,  you  fill  a  jar  with  th^ 
liquid,  the  specific  gravity  of  which  you  wish  to  ascertaitt ; 
suspend  the  glass  ball  to  the  hook  of  the  steel-yard,  and  immerse 
it  into  the  liquid  till  it  rises  exactly  above  the  ring  from  whidi 
the  ball  hangs,  observing  the  temperature,  and  dise^ag^g 
carefully  all  the  air-bubbles  that  may  adhere  to  the  ball^  dien 
remove  the  smull  weight  to  the  division  0  at  the  end  of  the- 
beam,  and  convey  the  large  one  as  far  as  that  division,  pre- 
ceding that  where  the  weight  of  the  ball  would  raise  the  beam ; 
and  afterwards  move  the  small  weight  as  far  as  the  divimn 
where  the  equilibrium  mlU  be  restored,  the  beam  being  hori- 
zontal. Mark  the  division  at  which  the  large  weight  is  fouud^ 
and  add  two  cyphers ;  to  this  number  add  tUm  indication  iBumer^ 
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disltely  resulting  from  the  position  of  tbe  small  weighty  and  the 
juin  of  these  two  numbers  gives  the  specific  gravi^  of  the 
liquid^  or  its  ratio  with  the  Weight  of  distilled  water^  to  a  ten- 
ifa^Misandth  part. 

Tbe  larger  balloon  is  u^ed  in  trying  the  weight  of  any  given 
Jcind  of  gas  compared  with  that  of  atmospheric  air,  in  the  fol- 
lowing manner  :— ^The  weight  entitled  air^iare  is  arranged  in 
such  a  manner  that  when  placed  in  a  notch,  at  the  fonher 
eittvsmity  of  the  beam  beyond  the  divisions,  it  forms  afi  eqiuli- 
briiuh  With  the  balloon  cKhausted  by  the  air-pump  and  sasptioded 
from  the  hook  of  the  steel-yard.  If  the  steeUyattl  is  not  then 
itLequilibriuni,  it  is  an  indication  that  the  instrument  is  deranged, 
or  tnat  the  vacimm  is  not  perfect.  The  air,  the  relative  weight 
of  which  in  regard  to  atmospheric  air  you  wish  to  ascertain,  i$ 
Ip  be  introduced  into  the  ballooti,  and  the  Weight  marked  air 
is  to  be  moved  along  the  beam.  The  division  at  which  it 
atMids  when  an  equilibrium  is  produced,  will  indicate,  ih 
hundredth  parts  of  the  weight  of  the  volume  of  atmospheric  air 
that  could  be  contained  in  the  balloon,  the  weight  of  tbe  gati 
actually  inclosed  in  it.  This  indication  is  read  about  die  middle 
of  the  anterior  part  of  the  beam,  where  the  words  atmospheric 
cir  are  marked. 

Not  satisfied  with  having  procured  to  philosophers,  and  those 
food  of  accurate  experiments,  an  instrument  extreme^  conve- 
tatat  for  the  closet,  and  of  very  extensive  use,  C.  Paul  ha6 
endeaVoHl'^  to  render  this  apparatus  portable,  and  has  con^ 
atmcted  various  pocket  steel-yards,  with  which  the  nicest  expe- 
riiUeBts  may  be  made,  and  the  quality  of  gold  coin  be  ascer*- 
tsiiifed  by  the  trial  of  its  specific  gravity.  They  are  constructed 
exactly  on  the  same  principles  as  the  Roman  small  steel-yard, 
bnt  are  necessarily  less  extensive  in  their  use.  They  cannot  be 
etajiojtdf  for  example,  in  determining  the  specific  gravity  of 
tm  aSnform  fluid,  and  do  not  extend  beyond  100  deniers  of 
"Weight;  but  as  they  possess  all  the  advantages  of  a  balanccj 
besides  those  peculiar  to  themselves,  they  are  extremely  conve- 
nient for  philosophers  who  are  obliged  to  travel. 

A  figure  of  this  steel-yard  and  apparatus  may  be  seen  in  Til- 
loct'i  Philos.  Magazine,  vol.  iii. 

Si^SEtYARDS  to  ascertain  animal  strength^  may  rtodily  be  at- 
taxdnd  to  almost  any  kind  of  machinery  in  which  animals  are  the 
jfirst  movers :  and  it  is  much  to  ht  \vished  that  experiments  were 
lireqamlly  made  with  them,  in  order  that  our  knowledge  on  thb 
point  might  be  increased. 

The  following  contrivancie,  falling  under  thi&  head,  has  been 
lately  (yroposed  fot  deteHnintdg  the  power  of  horses  drawii^  in 
milU    liet  k%  <fig.  iOv  pi.  XXXIi.)  be,  the. vertical  shaft  to 
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M^hich  the  boritontal  horse-poles  ac^  AD,  are  attached/  Let 
one  horse  work  the  machine  by  drawing  at  the  ear  b;  but 
instead  |of  the  transverse  spiinter-bar,  to  which  the  harnesv  is 
fixed,  being  simply  hung  upon  the  hook  A,  let  a  good  sprii^ 
steel-yard  be  interposed  between  that  cross-bar  and  the  hook, 
the  graduations  of  which  shall,  when  the  machinery  is  put  into 
motion,  indicate  the  resistance  (in  lbs.)  overcome  by  the  ammal, 
including  the  weight  of  the  mass  moved^  the  frictioD,  8cc. 
Near  the  extremity  of  the  opposite  horse-pole  ad,  let  there  be 
fixed  a  strong  and  correct  common  steel-yard,  whose  divisions 
shall  shew  the  various  weights  from  40  or  50  to  200ibs«  and 
whose  centre  of  motion  shall  be  at  the  pointy  on  the  fixied  stand. 
X<et  the  cord  c,  which  is  fastened  to  the  shorter  arm  of  this  steel- 
yardy  pass  (with  as  little  friction  as  possible)  over  the  pulley  j>, 
and  thus,  being  turned  into  the  horizontal  direction,  or  rather 
inclining  a  little  upwards,  let  it  be  fixed  to  the  cross-bar  of  the 
harness  of  a  second  horse,  equal  in  point  of  strength  to  Ae 
former.  Then,  if  the  two  horses  thus  attached  to  the  ears  e 
and  F  be  made  to  pass  over  the  walk  in  the  same  direction, 
following  each  other  constantly  at  the  distance  of  a  semi-cir- 
cumference; while  that  which  draws  at  the  ear  £  overcomes 
the  whole  pressure  and  resistance  opposed  by  the  Work,  the  other 
which  draws  at  F  by  the  cord  over  the  pulley  p,  will  raise  the 
weight  w  *of  the  steel-yard ;  which,  therefore,  by  being  moved 
to  and  fro  upon  the  zrm  fi,  may  be  brought  to  exhibit  an  exact 
counterpoise,  or  measure  of  the  exertion  and  power  of  the  horse. 
And  in  order  to  ensure  the  greatest  degree  of  accuracy  in  this 
respect;  the  motion  of  the  two  animals  and  the  position  of  the 
M'eight  w,  should  be  so  adjusted,  that  the  same  weight  should  be 
shewn  by  the  graduations  both  of  the  spring  and  of  the  lever 
steel- yard.  The  shaking  of  the  machinery  will  in  some  measure 
disturb  the  effect:  but  an  ingenious  manager  of  the  experiments 
will  find  means  of  checking  this :  and  as  to  the  centrifugal  force 
to  which  'the  weight  w  is  exposed,  it  will  never  be  of  material 
consequence  in  any  of  the  slow  motions  which  will  be  produced 
by  this  kind  of  work. 

Each  experiment  should  occupy  the  place  of  a  fair  day's  work 
for  the  horses ;  for  the  conclusions  deduced  from  shorter  and 
irregular  efforts  are  always  erroneous  in  excess,  and  should  be 
guarded  against.  The.  rate  at  which  the  animals  move  may 
readily  be  ascertained  from  the  known  circumference  of  the 
walk,  and  the  number  of  rounds  they  are  observed  to  make  in 
ten  or  fifteen  minutes. 

A  sl^ht  modification  will  adapt  this  contrivance  to  the  deter- 
mination of  the  power  of  men  pushing  at  the  bars  of  a  capatao ; 
to  this  end  it  will  only  be  necessary  to  have  a  >siifficieiitly  strong 
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irtme  in  form  of  a  t^  one  end  of  which  may  be  fastened  to  a 
noose  in  the  cord  passing  round  the  pulley  p,  while  a  man  pushes 
at  the  transverse  bar  of  die  frame,  with  the  same  energy  as  he 
livottid  employ  at  the  capstan  bar. 

By  means  of  such  steel-3rards  properly  applied  to  waggons, 
8cc.  upon  tolerably  smopdi  roads,  and  two  horses  marching 
abreast  (one  drawing  the  load,  the  otlier  raising  the  weight),  ex- 
periments might  be  instituted  to  ascertain  the  magnitude  of  the 
e£brts  of  horses  when  drawing  in  rectilinear  paths* 

In  Desaguliers's  Experimental  Philosophy,  vol.  l.spme  steel- 
yards are  described,  by  which  the  strength  of  men  may  be  as- 
certaioed  when  standing  still,  and  pulling  or  pushing  upwards  or 
downwards :  we  had,  at  first,  proposed  to  describe  them  in  this 
place ;  but  as  all  these  contrivances  are  nearly  on  tfie  same  piini- 
ciple,  and  may  easily  be  adapted  to  any  particular  purpose,  we 
omit  the  minute  descriptions  and  drawings,  to  make  room  for 
other  subjects. 

STREAM-MEAstREKS,  are  instruments  by  which  the  ve- 
locity of  currents  of  water  in  rivers,  mill-ponds,  &c.  may  be  de- 
termined. 

In  the  introductory  part  of  this  volume,  we  spoke  of  the 
cammpn  and  gross  methods  of  ascertaining  the  velocity  of  run- 
niiig  water  in  canals,  &c.  But  as  more  scientific  &nd  accurate 
mediods  have  been  devised,  it  seems  proper  to  insert  the  best 
of  them  with  which  we  are  acquainted,  in  this  place. 

ir  M.  Pitot  invented  a  stream  measurer  of  a  simple  con- 
atniction,  by  means  of  which  the  velocity  of  any  part  of  a 
stream  may  readily  be  found.  This  instrument  is  composed  of 
two  long  tubes  of  glass  open  at  both  ends ;  one  of  these  tubes 
is  cylindrical  throughout ;  the  other  has  one  of  its  extremities 
bent  into  nearly  a  rigfit  angle,  and  gradually  enlarges  like  afun« 
nel,  or  the  mouth  of  a  trumpet :  these  tubes  are  pboth  fixed  in 
grooves  in  a  triangular  prism  of  wood ;  so  that  their  lower  ex- 
tremities are  both  on  the  same  level,  standing  thus  one  by  the 
side  of  the  other,  and  tolerably  well  preserved  from  accidents. 
The  frame  in  which  these  tubes  stand  is  graduated,  close  by 
ihe  side  of  them,  into  divisions  of  inches  and  lines. 

To  use  this  instrument,  plunge  it  perpendicularly  into  the 
water,  in  such  manner  that  the  opening  of  the  funnel  at  the 
bottom  of  one  of  the  tubes  shall  be  completely  opposed  to  the 
direction  of  the  current,  and  the  water  pass  freely  through  the 
funnel  up  into  the  tube.  Then  obser>'e  to  what  height  tfie 
water  rises  in  each  tube,  and  note  the  difierence  of  altitudes; 
fcHr^this  difference  will  be  the  height  due  to  the  velocity  of  the 
stream.  It  is  manifest,  that  the  water  in  the  cylindrical  tube 
ivitt  be  railed  to  the  same  height  as  die  si|vfiice  of  ^e  stream^ 
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by  Jthe  hYdrostatk  pressnn^ :  wbiU  the  water  eoteiipg  frpni  4be 
cujrirent  py  the  fuime)  ipto  the  other  tube,  will  be  coippeUed  tq 
r^ise  above  that  surface  by  a  space  pt  whjich  it  will  be  sustaiiied 
by  the  impulse  of  the  moving  fluid :  that  is,  the  momentum,  of 
the  stream  will  be  in  equilibrio  with  the  column  of  water  sps- 
taiped  in  one  tube  above  the  surface  of  that  in  the  other.  Iq 
estimating  the  velocity  by  meaqs  of  this  instrum^int,  we  must 
have  recourse  to  tbi?  theory  in  art.  439,  &c.  vol,  j.  as  correct^ 
by  the  experiments  in  art.  460.  Thus,  if  h^  the  heigl^f:  of  t^e 
column  $U9tained  by  the  stream,  or  the  difference  of  heights  in 
the  two  tube?,  be  in  feet,  we  shall  have  v  ^^'5  ^/  h,  petrly?  the 
velocity,  per  second,  of  the  streani ;  if  A  be  in  inch^,  ti^il 
V  =  22'47  f/  h,  pearly. 

It  will  be  easy  to  put  the  funnel  into  the  most  rapid  P^t  c^ 
tlie  strean)^  if  it  be  moved  about  to  different  places  ij^util  thQ 
difference  of  altitude  in  the  two  tubes  hpcom&i  the  greatest.  Iq 
some  cases  it  will  happen,  that  the  immersion  of  the  instruiqent 
will  produce  a  little  ^ddy  in  the  water,  and  thus  distufl^  the 
accuracy  of  the  ob$erv^tU)n ;  but  keeping  the  in^trunient  iuKr 
mersed  only  a  few  seconds  will  correct  this.  The  wind  woidd 
^Iso  affect  ^e  accuracy  of  the  experiments  ;  it  js,  therefore,  ad- 
visable to  poiake  them  when  there  is  little  or  no  wind.  By  mean^ 
of  this  iostrumept  a  great  number  pf  curious  and  useful  observer 
tions  may  easily  be  made :  the  velocity  of  water  at  vanopf 
depths  in  a  canaj  or  river  niay  be  found  with  tolerable  accuracy, 
fipd  a  mean  of  the  whole  drawn,  or  they  nuay  be  applied  to  the 
correcting  of  the  theory  of  waters  ruDnii)g  down  gentle  slopeSf 
The  observations  may  likewise  be  applied  to  ascertain  whether 
the  augmei^tations  of  the  velocities  are  in  proportion  to  the  ip-r 
crease  of  water  passing  along  the  same  canal,  or  what  other  re- 
lation subsists  between  them^  &;C. 

Where  great  accuracy  is  ppt  required,  the  tube,  with  the  fuur 
nel  at  bottom,  will  alone  be  sufficient ;  as  the  surface  of  the 
water  will  be  indicated  with  tolerable  precision,  by  that  part  of 
the  prisQiatic  frame  for  the  tube  which  has  been  mcisteped  by 
Ihe  wpiersiop. 

M.  Pitot  likewise  proposed  that  a  similar  instrument  should 
jbe  used  i^tead  of  a  log  to  determine  ihe  rate  at  which  a  ship 
sails.  For  thijs  purpose,  place  in  the  middle  of  the  vessel,  or  as 
near  as  can  be  at  the  centre  of  its  oscillations,  two  tubes  of 
metal  of  three  or  four  lines  in  diameter,  one  of  them  being 
straight,  the  other  bent  at  bottom,  and  enlarged  into  a  comc^ 
fpniiel;  the  bottoms  of  both  are  tp  dip  into  the  water  of  the 
sea  in  which  the  vessel  sails,  and  there  will  be  n,o  evi)  to  appr&« 
^end  from  orifices  so  npnute:  into  the^e  uietallic  tub€#  are 
closely  fitted  two  others  of  a  copvf^ient  height  fqp  the.  oji^eiry«- 
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ipom.  The  water  will  liae  in  the  first  of  these  tubes  up  to  its 
feyel  OQ  the  outside  of  the  ship ;  and  in  the  second  up  to  a  cer- 
tain height,  which  will  indicate,  as  above,  the  velocity  of  the  ve»« 
sd ;  for  the  funnel  being  turned  towards  the  prow  of  the  ship, 
it  ivjill,  in  consequence  of  tlie  motion,  be  affected  in  like  manner, 
as  if  it  were  plunged  into  the  stream  of  a  running  water ;  and 
thus  the  velocity  of  the  vessel  is  found  by  the  same  theorem  as 
that  of  the  current.  This  method  has  lately  been  re-proposed 
in  this  country,  without  any  acknowledgments  to  M.  Pitot. 
We  do  not,  however,  recommend  its  adoption  aboard  a  ship ; 
foij,  notwithstanding  its  theoretical  ingenuity,  it  is  liable  to  many 
sources  of  error  in  the  practice,  and  would  not,  it  is  probable, 
furnish  more  accurate  measures  of  a  ship's  way  than  those  de- 
dpced  from  the  log, 

2.  Another  good  and  simple  method  of  measuring  the  velo- 
city of  water  in  a  canal,  river,  &g.  is  that  described  by  the  Abb6 
^fon^f  in  his  Treatise  on  Rivers,  Philosophical  Transactions, 
vqL  CI^.  It  is  this: — ^Take  a  cylindrical  piece  of  dry  light 
WOp4i  and  of  a  length  something  less  than  the  depth  of  the  wa* 
ti^  in  the  river ;  about  one  end  of  it  let  there  be  suspended  as 
many  small  weights  as  may  keep  the  cylinder  in  a  vertical  or  upr. 
ri||bt  position,  with  its  liead  just  above  water.  To  the  centre  of 
tjua  end  fix  a  small  straight  rod,  precisely  in  the  direction  of  the 
cjflinder's  axis :  to  the  end  that,  when  the  instrument  is  sus- 
pended in  the  water,  the  deviations  of  the  rod  from  a  perpen* 
dicularity  to  the  surface  of  it,  may  indicate  which  end  of  the 
cylian^  goes  foremost,  by  which  may  be  discovered  the  di& 
fer^t  velocities  of  the  water  at  different  depths ;  for  when  the 
rpd  incline^  forward,  according  to  the  direction  of  the  current, 
it  i^  a  proof  that  the  surface  of  the  water  has  the  greatest  velo- 
cL^;  but  when  it  reclines  backward,  it  shews  that  the  swiftest 
current  is  at  the  bottom ;  and  when  it  remains  perpendi-> 
cular,.  it  is  a  sign  that  the  velocities  at  the  top  and  bottom  are 
^uaL 

"lliis  instrument,  being  placed  in  the  current  of  a  river  or  car» 
wAy  receives  all  the  percussions  of  the  water  throughout  the 
whole  depdi,,  and  wiJl  have  an  equal  velocity  with  that  of  the. 
i9(hoIe  current  from  the  surface  to  the  bottom  at  the  place 
where  it  is  put  in,  and  by  that  meaDs  may  be  found,,  both  with 
exacjUiess  and  ease,  the  mean  velocity  of  that  part  of  the  river 
for  any  determinate  distance  and  time. 

But  ta  obtain  the  mean  velocity  of  the  whole  section  of  the 
jdver,  the  instpument  must  be  put  successively  both  in  the 
YjudcUe  and  towards  the  sides,  because  the  velocities  at  those 
plM^eflf  are  often  very  different  from  each  other.  Having  by 
(^  Vj^f^M  fowd  the  ^v^ral  velocities,  from  the  spaces  r W 
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over  in  certain  times^  the  arithmetical  mean  propordonal  of  att 
these  trials,  which  is  found  by  dividing  the  common  som  of 
them  all  by  the  number  of  the  trials,  will  be  the  mean  velocity 
pf  the  river  or  canal.  And  if  this  medium  velocity  be  niultipli-; 
ed  by  the  area  of  the  trahsverse  section  of  the  waters  at  any 
place,  the  product  will  be  the  quantity  running  through  that 
place  in  a  second  of  time. 

If  it  be  required  to  find  the  velocity  of  the  current  only  at 
the  surface,  or  at  the  middle,  or  at  the  bottom,  a  sphere  of  wood 
loaded,  or  a  common  bottle  corked  with  a  little  water  in  it,  of 
such  a  weight  as  will  remain  suspended  in  equilibrio  with  the 
water  at  the  surface  or  depth  which  we  want  to  measure,  will 
be  better  for  the  purpose  than  the  cylinder,  because  it  is  only 
affected  by  the  water  of  that  sole  part  of  the  current  where  it 
remains  suspended. 

Both  the  cylinder  and  the  globe  may  be  easily  guided  into' 
that  part  which  we  want  to  measure,  by  means  of  two  threads 
or  small  cords,  which  two  persons,  one  on  each  side  of  the  ca-* 
nal  or  river,  must  hold  and  direct;  taking  care  at  the  same 
time  neither  to  retard  nor  accelerate  the  motion  of  the  instra< 
ment. 

SURFACE-PLANING  Machinery.  In  October,  1802,  a  pt* 
tent  was  taken  out  by  the  latd  Mr.  Joseph  Bramah  for  ma- 
chinery for  the  purpose  of  producing  straight,  smooth,  parallel 
surfaces,  and  curvilinear  surfaces,  on  wood,  and  other  materials 
requiring  accuracy,  in  a  manner  much  more  expeditious  and 
perfect  than  can  be  performed  by  the  use  of  axes,  saws,  planes, 
and  other  cutting  instruments,  used  by  hatid.  As  many  par* 
ticulars  in  the  specification  of  this  patent  are  highly  curious, 
and  cannot  fail  to  be  very  beneficial,  we  shall  extract  the  greater 
part  of  it  from  the  Repertory  of  Arts  and  Manufactures, 
vol.  ii.  N.  S. 

^*  The  principal  parts  of  my  invention  are  as  follows ;  that  is 
to  say,  to  shorten  and  reduce  manual  labour,  and  the  conse- 
quent expenses  which  attend  it,  by  producing  the  effects  stated 
in  my  patent  by  the  use  of  machinery,  which  may  be  worked  by 
animal,  elementary,  or  manual  force ;  and  which  said  effects  are 
to  prodnce  straight,  true,  smooth,  and  parallel  surfaces,  in  the 
preparation  of  ail  the  component  parts  of  work  consisting  of 
wood,  ivory,  horn,  stone,  metals,  or  any  other  sort  of  materials, 
or  composition  usually  prepared,  and  render  it  (them)  true  and 
fit  for  use,  by  means  of  edge-tools  of  every  description,  I  do 
not  rest  the  merits  of  this  my  said  invention  on  any  novelty 
in  the  general  principle  of  the  machinery  I  employ,  because  the 
public  benefit  I  propose  will  rather  depend  on  new  effects,  pi"0^ 
duced  by  a  new  application  of  principles  already  known,  and 
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machinery  already  in  use  for  other  purposes,  in  various  branches 
of  British  manufacture.  This  machinery,  and  the  new  manner 
ofusing.it,  with  some  improvements  in  the  construction,  toge- 
ther with  sundry  tools  and  appendages  never  in  use  before,  are 
particularly  described  and  explained  hereunder. 

"  i  mean  to  use  and  apply  for  the  purposes  above  stated, 
every  kind  of  edge-tool,  or  cutter,  already  known,  either  in 
their  present  shape,  or  with  such  variations  and  improvements 
as  the  variety  of  operations  I  may  encounter  may  severally  call 
for.  But  the  tools,  instead  of  being  applied  by  hand,  as  usual, 
I  fix,  as  judgment  may  direct,  on  frames  drove  {driven)  by  ma- 
chiniery :  some  of  which  frames  I  move  in  a  rotary  directioii 
round  an  upright  shaft ;  and  others  having  their  shaft  lying  in 
a  horizontal  position,  like  a  common  lathe  for  turning  wood, 
&c.  In  other  instances  I  fix  these  tools,  cutters,  8cc.  on  finmes 
which  slide  in  stationed  grooves,  or  otherwise,  and  like  the 
former  calculated  for  connexion  with,  and  to  be  driven  by,  ma- 
chinery, all  of  which  are  hereafter  further  explained  and  parti- 
cularised. 

*'  The  principal  points  on  which  the  merits  of  the  invention 
rest  are  the  following.  First,  I  cause  the  materials  meant  to  be 
wrought  true  and  perfect,  as  above  described,  to  slide  into  con- 
tact with  the  tool,  instead  of  the  tool  being  carried  by  the  hand 
over  the  work,  in  the  usual  way. 

"  Secondly,  I  make  the  tool,  of  whatsoever  cutting  kind  it 
b^,  to  traverse  across  the  work  in  a  square  or  oblique  direction ; 
except  in  some  cases,  where  it  may  be  necessary  to  fix  the  tool 
or  cikter  in  an  immoveable  station,  and  cause  the  work  to  fall 
in  contact  with  it  by  a  motion,  confining  it  so  to  do,  similar  to 
the  operations  performed  on  a  drawing-bench. 

"  ^lliirdly,  in  some  cases  I  use,  instead  of  common  saws,  axes, 
planes,  chisels,  and  other  such  instruments,  usually  applied  by 
hand  ;  cutters,  knives,  shaves,  planes,  and  the  like,  variously,  as 
the  nature  of  the  work  may  render  necessary ;  some  in  form  of 
bent  knives,  spoke-shaves,  or  deep-cutting  gouges,  similar  to 
those  used  by  turners  for  cutting  off  the  roughest  part.  I  also 
apply  planes  of  various  shapes  and  construction,  as  the  work 
may  require,  to  follow  the  former  in  succession,  under  the  same 
operation ;  and  which  latter  I  call  furnishers. 

"  Fourthly,  these  cutters,  knives,  &c.  I  fix  on  frames  of  wood, 
or  metal,  properly  contrived  for  their  reception,  and  from  which 
they  may  be  easily  detached  for  the  purpose  of  sharpening,  and 
the  like — these  I  call  cutter-frames.  These  cutter-frames  I 
move  in  cases  like  those  on  which  the  saws  are  fixed  in  a  saw- 
ing-mill,  and  sometimes  to  reciprocate  in  a  horizontal  direction, 
confined  and  stationed,  by  grooves  or  otherwise,  as  may  be 
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found  b^st  calculfited  to  aqstwer  Uie^  SQver^I  wqrl^  iuteud^ 
In  other  instances^  and  which  I  apprchepd  wiU  gf^nerally  have 
the  preference,  I  fix  cutter-frames  ou  a  rotary  upright  shaft, 
turning  on  a  step,  and  carrying  the  frame  round  in  a  direction 
similar  to  the  upper  mill'-stone ;  and  sometimes  I  cause;  the 
frames  to  turn  on  a  horizontal  shaft,  just  resembling  the  mandrel 
of  a  common  turning-lathe,  or  those  m^chincii  used  for  i:uttijag 
logwood,  8cc.  for  the  dyers'  uses.  When  these  frames  s^re 
^lounted  in  any  of  the  foregoing  directiouii  for  cutting,  planesji 
^c.  are  fixed  so  a3  to  fall  supcessionally  (successw^lyj  '\a  con* 
t^ct  with  the  wood  or  other  materials  to  be  cut,  so  that  the 
cutter  or  tool  calculated  to  take  the  rough  and  billy  part  ope-i 
rates  the  first,  and  those  that  follow  ipust  be  so  regulated  ^  tq 
reduce  the  material  down  to  the  line  intended  fqr  the  sv^f^ce. 
These  cutter-frames  must  also  have  thp  property  of  being  reg4^ 
lated  by  a  screw  or  otherwise,  so  as  to  approach  nearer  the 
work,  or  recede  at  pleasure,  in  order  that  a  deeper  or  shallower 
cut  may  be  taken  at  discretion,  or  that  the  machine  may  repeajt; 
its  action  without  raising  or  depressing  the  material  $  pn  wbidi 
they  act,  X^a  rpaiiner  qf  thus,  regulating  tbi^  putt^r-fran^s, 
when  on  an  upright  shaft,  is  particularly  describ^  below. 
These  cutter-frsm^es  may  be  made  of  any  m^gpitt)die  and  di-» 
^len^ons  the  work  requires,  only  observing  to  make  the  c^met 
ter  of  those  on  the  rotary  plane  so  as  to  exceed  twice  the  width 
pf  the  materials  to  be  cut^  as  the  said  materials  must  slide  so  as 
to  pass  the  shaft  on  which  the  cutter-frame  revolv^§,  wheiji  on 
tiie  upright  principle. 

"  Fifthly,  when  I  use  upright  shafts,  for  the  purppsie  of  carry7 
ing  the  cutter-frame  as  above  described^  I  do  not  mean  that  th^ 
lower  end  or  point  of  such  shafts  shall  come  iu  contact  witbj 
or  rest  on,  the  bottom  of  the  step  or  bo^  in  which  they  stand  j 
tieither  do  I  mean  that  such  said  aliafts  shall  re&t  or  turn  an  any 
stationed  unalterable  point  at  reat,  but  the  pivot  or  lower  poiul 
of  the  shaft  shall  actually  rest  and  tur^  on  a  fluid  body^  such  as 
oil,  or  any  other  fluid  proper  for  that  purpose,  a  considerable 
portion  of  which  is  always  to  be  kept  between  the  lower  ppu^f 
of  the  shaft  and  the  bottom  of  the  step  in  which  it  works,  Thf^ 
said  shafts  may  be  either  raised  or  depressed  at  pleasure  to  smy 
required  altitude,  by  means  of  a  greater  or  less  quantity  of  the 
s^id  fluid  being  confined  as  aforesaid  between  the  end  of  the 
shaft  and  the  bottom  of  the  step.  This  device^  I  deem  of  gFea,t 
consequence  in  the  fabrication  of  all  kinds  of  machinery,  wbeipQ 

*  See  Coout  de  Thiville*s  specification,  published  in  the  ^rteenth  xon 
lume  of  the  first  series  of  the  Repertory^  or  thj^J^o^ish  Eucyclopa^ia,  ait, 
WATERWORKS,  fpr  the  developement  of  a  diniiar  mveation. 
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QMMy  aftdhe^vy  loaded  upright  shafts  are  u^d ;  and  Ji  perfcnm 
\\  in  the  following  manner ;  that  is  to  say ;  The  lower  part  of 
the  shaft  must  be  turned  perfectly  smooth  and  cylindric^^  to  a 
Height  sonaethiag  above  the  g^^test  distance  or  length  the  shaft 
wiU  ever  be  required  tp  be  raised  or  depressed  when  in  us^. 
This  part  of  the  shaft  I  imiperse  or  drop  into  a  I^ollow  cylinder, 
i|rl)ich  fits  its  circumference  qe^r  enoiigb  to  allow  freedom  of 
ipotaori,  but  sufficiently  fitted  tQ  prevent  shake.  This  cylinder  I 
caU  the  step-cylinder^  and  (which)  i^ust  be  of  a  length  nei^rly 
^ual  to  that  of  (he  cylindrical  part  of  the  shaft  above  mentioned, 
tip  lliat  when  the  point  of  the  shaft  rests  on  the  bottom  of  the  cy- 
linder, the  parallel  or  cylindrical  part  may  be  something  ^boye 
the  tpp  or  ypper  end  of  the  step-cylinder.  In  the  upper  end  pf 
diis  steprcylinder  I  mak§  a  stuffing-box,  by  means  of  a  doubles 
cupped  leather,  or  other  materials,  surrounding  the  cylindri^ 
part  of  the  shaft  in  such  a  way  as  wUl  cau$§  the  junction,  whe^i 
^  shaft  is  passed  through  it,  to  remain  water-tight  under  ^y 
pressure  that  may  be  felt  from  the  effi)rts  pf  the  fli|id  retaifipd 
^before  mentioned,  to  maj^e  its  escape  upwards  through  this 
part,  (which)  I  have  called  the  stuffing-bo^,  when  the  shaft, 
with  all  its  load,  is  passed  tbrougb  it,  and  imfn^rsed  in  the  cy* 
liqder  below.  When  this  is  dpne,  tbe  injecting-pipe  pf  a  sinalt 
forcing-pump,  similar  to  those  X  use  in  my  patent-press,  i^xj^X 
form  a  junction  with  die  steprcylinder  in  some  part  below  th^ 
stuffing-box;  then  the  pump  being  worked,  thp  oil,  or  otber 
fluid  injected  by  it,  will,  by  pressing  in  all  directions^  cause  (he 
shaft  to  be  raised  from  its  rest,  on  the  bottom  pf  the  cylindisr, 
and  to  be  slided  up  through  the  stuffing-box  just  the  sam§  as 
the  piston  of  my  patent-press ;  and  by  this  means  the  shaft,  with 
^n  its  incumbrance,  and  whatever  m^y  be  its  weight,  may  be 
raised  to  any  given  ppipt  at  pleasure,  and  at  the  saipe  tin^e  it 
will  be  left  resting  on  the  fluid  under  it,  whatever  the  quantity 
Of  thickness  of  such  fluid  may  be  between  its  points  and  die  bot- 
tom of  the  step-cylinder.  By  this  me^ms  the  shaft,  with  ^  its 
incumbent  load,  as  aforesaid^  should  i|  even  amount  to  btmdreds 
or  thousands  of  tons,  pan  be  easily  raised  aud  depressed  to  ^ny 
required  point  at  pleasure,  by  the  alternate  i^ji^nction  (ifij^r 
tion)  or  discharge  of  the  fluid  used,  exactly  the  ssime  as  per- 
formed by  ipy  patent  press  as  aforesaid ;  and  at  the  B^me  tia^^ 
gl{  friction  will  be  avoided,  except  that  of  the  stuffing-bpJCy 
which  will  be  comparatively  trifling  to  that  which  wonld  result 
frpm  the  resting  of  such  a  shaft  on  the  bottom  of  the  step,  in 
Ibe  nsual  way.  Thus  will  be  gained  the  properties  abpvf 
Stat^ ;  and  in  addition  thereto,  I  think  it  m^y  be  inferred,  tba^ 
prpvided  the  stuffing-box  is  kept  j>er&etly  fluid  tight,  snch  a 
itoft^  tbu8  buoyed  up  by  and  turning  in  a  proper  fli|id#  m^J 
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continue  working  for  years,  or  perhaps  hundreds  of  yearsy  whhw 
out  a  fresh  supply  of  oil,  or  whatever  other  fluid  substance  is 
found  the  most  proper  to  apply, 

^^  Sixthly,  the  material  that  is  to  be  cut  and  made  true  must' 
be  firmly  fixed  on  a  platform,  or  frame,  made  to  slide  with 
perfect  truth,  either  on  wheels  or  in  grooves,  8lc.  similar  to 
those  frames  in  a  saw-mill  on  which  the  timber  is  carried  to  the 
saws.  These  frames  nmst  be  moved  in  a  steady  progressive 
manner,  as  the  cutter-frame  turns  round  either  by  the  same 
]>ower  which  moves  the  latter,  or  otherwise,  as  may  be  found 
to  answer  best  in  practice.  This  motion  also  must  be  under 
the  power  of  a  regulator;  so  that  the  motion  of  the  sliding* 
frame  may  be  properly  adjusted  according  to  the  nature  of  the 
work.  The  motion  of  the  cutter-frames  must  also  be  under  the 
control  of  a  regulator ;  so  that  the  velocity  of  the  tool  in  pass- 
ing over  the  work  may  be  made  quicker  or  slower,  as  such  work 
may  respectively  require,  to  cause  the  cutter  to  act  properly^ 
and  to  the  best  advantage. 

^  Seventhly,  I  regulate  die  motions  of  both  these  parts  of  the 
apparatus,  as  aforementioned,  by  means  of  a  new  invention, 
which  I  call  a  universal  regulator  of  velocity,  and  which  is 
composed  as  follows ;  viz.  I  take  any  number  of  cog-wheels, 
of  different  diameters,  with  teeth,  that  will  exactly  fit  each 
other  through  the  whole,  suppose  ten,  or  any  other  number, 
but  for  example  say  ten,  the  smallest  of  which  shall  not  exceed 
one  inch  in  diameter,  and  the  largest  suppose  ten  inches  in  di* 
ameter,  and  all  the  rest  to  mount  by  regular  gradations  in  their 
diameters  from  one  to  ten.  I  fix  these  ten  wheels  fast  and  im- 
moveable, on  an  axis  perfectly  true,  so  as  to  form  a  cone  of 
wheels.  I  then  take  ten  other  wheels,  exactly  the  same  in  all 
respects  as  the  former,  and  fix  them  on  another  axis,  also  per-' 
fectly  true,  and  the  wheels  in  conical  gradation  also ;  but  these 
latter  wheels  I  do  not  fix  fast  on  their  axis,  like  the  former,  but 
leave  them  all  loose  so  as  to  turn  upon  the  said  axis,  contrary 
to  the  former  which  are  fixed.  All  these  latter  wheels  I  havie 
the  power  of  locking  by  a  pin,  or  otherwise,  so  that  I  can  at 
discretion  lock  or  set  fast  any  single  wheel  at  pleasure.  I  then 
place  the  two  axises  (axes)  parallel  to  each  other,  with  the 
wheels  which  form  the  two  cones,  as  above  described,  in  re- 
verse position,  so  that  the  large  wheel  at  the  one  end  of  the 
cone  may  lock  its  teeth  into  the  smallest  one  in  the  cone  oppo- 
site, and  likewise  vice  versa.  Then  suppose  the  axis  on  which 
the  wheels  are  permanently  fixed  to  be  turned  about^  all  the 
wheels  on  the  other  axis  will  be  carried  round  with  an  equal 
velocity  with  the  former,  but  their  axis  will  not  move.  Tliea 
^'Ksk  the  largest  wheel  on  the  loose  axis,  wd  by  turaing  about 
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the  fast  (fastened)  axis  us  before,  it  must  make  ten  revolotions 
while  the  opposite  performs  but  one :  then  by  unlocking  the 
largest  whed  and  locking  the  smallest  one  at  the  contrary  end 
of  the  cone  in  its  stead,  and  turning  as  before,  the  fast  (faztenn 
ed)  axis  will  then  turn  the  opposite  ten  times  while  itself  only 
xevolves  once*  Thus  the  axes,  or  shafts^  of  these  cones,  or 
conical  combination  of  wheels,  may  turn  each  other  recipro- 
cally, as  one  to  ten,  and  as  ten  to  one ;  which  collectively  pro- 
duces a  change  in  velocity  under  a  uniform  action  of  the  pri» 
mum  mobile,  as  ten  to  a  hundred :  for  when  the  small  wheel 
on  the  loose  axis  is  locked,  and  the  fast  one  makes  ten  revolu- 
tions, the  former  will  have  one  hundred.  And  by  adding  to 
the  number  of  those  wheels  and  extending  the  cones  which  may 
be  done  ad  infinitum,  velocity  may  be  likewise  infinitely  varied 
by  this  simple  contrivance — a  may  turn  b  with  a  speed  equal  to 
thousands  or  millions  of  times  its  own  motion;  and  by  changing 
a  pin  and  locking  a  different  wheel,  as  abovb  described,  b  wifi 
turn  A  in  the  same  proportion,  and  their  power  will  (be)  tran$» 
f erred  to  each,  in  proportion  as  their  velocities,  reciprocally. 
Here  is  then  a  universal  regulator  at  once  for  both  power  and 
velocity.  In  some  instances  I  produce  a  like  effect  by  the 
tame  necessary  number  of  wheels,  made  to  correspond  in  co« 
nical  order,  but  instead  of  being  all  constantly  mounted  on  th« 
axises  (axes)  or  shafts,  as  above  described,  they  will  recipro* 
cally  (be)  changed  from  one  axis  to  the  other  in  single  pairs, 
match  according  to  the  speed  or  power  wanted,  just  as  in  the 
former  instance*  This  method  will  have  in  all  respects  the 
same  effect,  but  is  not  so  convenient  as  when  the  wheels  are  all 
fixed,  &c. 

**  Eighthly,  when  spherical  surfaces  are  to  be  produced  per- 
fecdy  true,  and  parallel  to  (equidistant  from)  their  centres  in 
all  directions,  I  use  a  tool,  or  cutter,  of  a  proper  shape,  accord- 
ing to  the  nature  of  die  materials  to  be  cut.  This  tool  must  be 
fixed  on  a  cutter-frame,  fastened  to  the  rest  of  any  common 
lathe,  so  as  to  present  its  point  exactly  to  a  line  drawn  through 
the  centre  of  the  mandrel  of  the  lathe  horizontally,  and  the 
said  frame  on  which  the  cutter  is  fixed  must  have  the  capacity 
of  drawing  out,  at  pleasure,  to  any  required  distance,  to  accom- 
modate the  diameter  of  the  sphere  to  be  cut  or  turned  true. 
This  cutter-frame  must  be  likewise  made  to  turn  upon  a  centre- 
or  pin,  very  firm,  and  steadily  fixed  on  the  rest  above  men- 
tioned, so  as  to  enable  the  cutter  to  be  turned  by  its  frame 
lound  a  centre  exactly  perpendicular  to  the  centre  of  the  lathe 
or  line,  before  mentioned,  by  which  the  altitude  of  the  tool's 
point  is  to  be  regulated;  when  this  is  done,  and  the  wood  or 
oilier  materials  fixed  on  the  lathe  in  the  usual  way,  the  cutter- 
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frame  must  be  dtkWn  neikfef,  or  fkrtngt  Astabt  fr&m  thd  ceMk 
oil  which  it  toran,  to  ticcomiliodate  tfafc  dlanieter ^  jost  the  B6Mt 
MM  the  common  r^^t.  If  thU  amterlala  b^  roughs  siiid  req[uire  tb 
be  reduced  to  a  spbetieal  form  bj  gradattons,  Ae  work  mafy  b^ 
repeatedly  gone  Oftt  by  dte  ttttter,  before  it  reaches  the  diaidse^ 
ter  proposed.  By  this  simple  apparatus  the  difficulty  of  tarsi- 
iag  perfect  sphefeg  is  orercome ;  as  it  must  be  obvious  to  any 
person  of  the  mo0t  ordinary  capacity  in  meefaanicsi  that  i^ktte 
the  work  is  turning  in  the  lathe  in  a  Vertscal  direction^  and  the 
fool  or  cutter  is  by  the  hand,  or  otb^rwisd,  ttfrned,  at  the  saiefe 
tiale^  in  a  perfectly  boritsoAtal  direction^  round  a  c^strd,  o^po* 
site  to  the  acturi  centl^  Of  the  sphere^  the  point  of  die  tool  of* 
evtter  must,  of  neceistty>  geilerate  or  turn  a  perfect  sphere,  trt^ 
it  sU  directions,  without  ^e  smoHest  attetttionr  Or  assistance 
frOAi  the  use  of  the  inslrianent.  I  mention  here  the  appli^iltiOik 
of  the  cutter*frame  to  a  common  lathe,  conceiving  it  will>  1^ 
slaoh  an  explanation,  be  more  ftmliliarly  underitooa  Without  i 
drawing ;  but,  by  this  method,  sfAeres  of  any  practkal  riiagnf- 
tilde  may  be  cut  with  perfect  ease  and  certaintyr 

**  Ninthly,  when  concave  suffaces  are  to  be  produced  pc^ 
iectly  true,  smooth,  and  parallel  toX equidistant Jhhn)  tbeir  nS^ 
spective  spherical  centres,  the  work  is  fixed  cm  a  machine  fh^ 
mme  in  all  respects  as  the  common  tnmibg  lathe,  iU  id  dl0 
instance  last  referred  to :  I  then  fix  a  tool  Of  cutter  on  a  centre^ 
exactly  in  a  line,  both  petpendicalar  to^  and  on  a  level  #ith  the 
exact  centre  of  the  shaft  or  mandrel  on  which  die  work  re^ 
volves :  and  which  cutter  or  tool  projects  to  the  required  radial 
distance  with  its  point,  so  tfiat  when  the  work  goes  round  by 
the  revolution  of  the  lathe,  the  tool  or  cutter  at  the  sai&e  time 
revolving  round  its  centre,  a  spherical  concave  Will  be  generated 
and  produced  by  the  Auction  *  of  its  point,  as  in  the  instducd  of 
the  convex  sphere. 

'^  Tenthly,  I  convert  solid  \rood,  or  other  materials,  into  » 
thin  concave  shell,  similar  to  a  dish,  I  cut  them  alternately  outs' 
of  each  other,  beginning  at  the  smallest,  by  means  of  anotheif 
tool  or  cutter,  likewise  moving  on  a  stationcni  centre,  as  before^ 
exactly  on  a  level  with,  and  perpendicularly  true  with  the  cep' 
tre  of  the  mandrel  or  shaft  of  the  machine  on  which  the  wbrk> 
is  fixed.  This  tool,  or  cutter,  is  made  at  its  exterior  point,  or 
cutting  end,  of  such  a  shape  as  best  sUits  the  nature  of  the  work  i' 
and  its  shank,  or  stem,  is  bent  to  the  exact  cirde  the  concave  k 
meant  to  be :  it  is  then  fi^ed  on  an  arm  or  frame  calcuiatsed  to* 
receive  others  Of  (fifferent  circles,  according  to  the  work;  in 
fact  the  sanie  frame  may  be  used  which  is  above  described  tO" 

*  Compared  with  the  ree6rd.  '  ' 
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faofel  di^  to6l  for  ciittiiig  6pheresy  eidrer  of  die  Goncttv«  or  con- 
fer kind.  The  tool  muat  be  fixed  on  this  frame  oi  zrtti,  ai 
M)Ove  mentioned;  at  such  a  radial  distance  from  the  centre  on 
nrhich  die  frame  or  arm  tams,  so  as  to  form  a  quadrant  with  one 
\efj  turning  on  its  centre,  and  the  tool  forming  the  periphery. 
Willi  its  cutting  point  projecting  to  the  line  of  Ae  deficient  leg^ 
Before  this  tool  begins  its  action^  a  common  rest  must  be  ap^ 
pUed  close  to  the  face  of  the  work,  in  order  to  support  the  toot 
^|i4ien  it  begins  its  cut ;  atid  on  which  rest  the  tool  will  slide  till 
kft  point  proceeds  under  the  control  of  the  centre  on  which  hi 
frame  is  fixed,  until  it  reaches  the  horizontal  line  of  the  ladkis'i^ 
ceotr^  when  the  part  cut  oS^  or  the  inner  dish,  will  fall  from  the 
stock,  and  leave  the  rest  for  the  operation  of  uiother  tool,  of n 
larger  circle.  Thua  the  operated,  may  be  repealed  dll  tb^ 
ifhoie  lump  is  comrerted  according  to  the  intentions  o#  Hm 
owner." 

Mecbaaiam  upon  the  priaciple  of  this  8pecificfeitio%  tot  plan^ 
iftg^  has  been  erected  and  emplojed  to  a  very  great  extent,  m 
die  carriage  departneient  of  the  Royal  J^rsedal,  Woolwielk 

SYPHON,  with  Close's  and  Ventiiri's  new  applicatioiis  o( 
it  to  convey  water  izb&ee  the  level  of  the  reserrdir.   See  CbaKK« 

TEETH  OP  WBBBLs,aad  i.EAvts  ofpimonsy  reqoire  greait 
care  and  judgment  in  their  formation^  that  they  may  neither 
dog  die  machinery  with  unBceesslu-y  friction,  nor  act  so  ino^ 
gularly  as  to  produce  any  inoifiMdities  in  the  motion,  and  ^ 
consequent  wearing  away  of  one  part  before  anether  is  much: 
affected  by  the  work* 

Several  eminent  mfadiematicians  upon  the  continent,  and  21 
fj^w  in  England  and  Scotland,  have  directed  their  inves€%ationa 
towards  a  subject  se  essential  to  the  perfecdon  of  machinery ; 
yet,  although  Roemer,  Yarignon,  De  la  Hire,  Camus,  Euler, 
Emerson,  Kae^tner,  and  Rohisoii,  have  tamed  their  dioughts  to 
this  object)  and  some  of  them  have  struck  out  rules  of  ready 
applicadon  in  practice,  it  is  to  be  regretted  diat  these  rules  have 
beea  little  followed  by  practical  mechanics,  most  of  whom  have 
ift  this  case  been  more  inclined  to  follow  a  set  of  hackneyed  rales  > 
handed  down  from  one  woi^man  to  anodier,  though  completely 
destitute  of  scientific  principle*  Even  watchmakers,  in  whose 
coKstruetions  a  little  more  than  common  skill  and  nrcety  in  die 
execBtioa  might  be  expected,  are  but  few  of  them  acquainted 
^th  any  rules  founded  opon  die  deductions  of  accurate  theory; 
but  commonly,  we  are  informed,  give  to  then*  teeth  the  Aape 
assumed  by  a  horse-hair  when  hdd  bent  between  the  fingers ;  a 
method  so  vague  drat  it  isf^  difieult  to  conceive  how  it  came  to 
he.  adopted. 
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Thje  best,  most  accurate,  and  at  the  same  time  siifiple  M\e»f 
for  the  formation  of  teeth  and  pinions,  with  which  we  arer 
acquainted,  ha?e  been  given  by  M.  Camus,  in  the  third  part  of 
his  CoUrs  de  Mathematique^  and  by  Dr.  Brewster,  amdng  bis 

^'udicious  and  valuable  additions  to  Fer^usofCs  Lectures,  A» 
Ferguson's  work,  with  Dr.  Brewster's  improvements,  may  be 
beneticially  consulted  by  every  practical  mechatiic,  we  would 
refer  those  to  it  who  wish  to  peruse  his  ingenious  dissertation; 
and  shall  in  this  place  extract  some  of  the  useful  rules  of  Camus^ 
translating,  with  occasional  alterations  and  additions,  from  the 
edition  of  1759. 

.  The  best  form  that  can  be  given  to  the  teeth  of  any  machine^ 
is,  in  general,  that  which  will  cause  those  teeth  to  act  upon  each 
other  in  an  equally  favourable  manner,  or  which  will  enable  a 
constant  power  to  communicate  a  uniform  motion.  Now  if  all 
wheels  could  have  their  teeth  infinitely  small,  as  if  two  wheels 
should  have  their  rims  surrounded  M'ith  bufF  leather  whose 
protuberances  may  be  considered  as  teeth,  and  then  made  to  act 
on  each  other  (See  the  article  wheel),  their  engs^ement  might 
be  regarded  as  simple  contact,  and  would  possess  the  desired 
property ;  since  the  wheels  would  in  that  case  have  both  die 
same  tangential  force.  The  finite  and  sensible  teeth  made  in 
wheels  and  pinions,  and  acting  upon  one  another  in  the  same 
plane,  will  therefore  be  such  as  are  required  when  the  wheel 
moves  the  pinion,  or  the  pinion  the  wheel,  just  as  though  they 
simply  touched  each  other. 

It  must  be  premised  that  the  distance  from  the  centre  of  a 
wheel  or  a  pinion  to  the  extremity  of  any  one  of  its  teeth  or 
leaves,  is  called  the  true  radius  of  such  wheel  or  pinion ;  and, 
when  a  wheel  aud  pinion  are  properly  fixed  and  adjusted  for  mu- 
tual action  upon  each  other,  the  line  drawn  from  one  centre  to 
the  other  is  called  the  line  of  the  centres,  while  the  portions  of 
this  line  into  which  it  is  divided  in  the  respective  ratio  of  the 
number  of  teeth  in  the  wheel  and  pinion,  are  denominated  the 
primitive  radii  of  such  wheel  and  pinion.  Now,  it  is  demon- 
strated by  Camus,  that  the  wheel  and  pinion  will  have  the  same 
force  for  turning  at  their  primitive  circumferences,when  the  right 
line  drawn  from  the  point  of  contact  of  two  teeth  perpendicular 
to  their  curvature,  passes  through  the  point  which  separates  the 
primitive  radii  of  the  wheel  and  pinion.  Hence,  we  must  x&- 
gard  as  the  best  figures  which  can  be  given  to  the  teeth  of  wheeb 
and  pinions,  those  which  so  act  with  respect  to  each  other,  that 
the  line  perpendicular  to  the  parts  which  touch  will  always  pass 
through  the  same  point  where  the  primitive  radii  of  the  wheel 
and  pinion  terminate  in  the  line  of  the  centres.    This  conditi«>% 
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k  is  well  known  to  mathematiciansy  may  be  secured  by  making 
the  faces  of  the  teeth  epicycloidal,  and  of  magnitudes  regulated 
by  those  of  the  wheels  and  the  number  of  the  teeth. 
/  To  convey  a  familiar  idea  of  the  nature  of  epicycloids  to  such 
readers  as  are  not  very  conversant  in  mathematics,  suggesting, 
at  the  same  time,  an  eligible  method  of  describing  them,  a  de- 
finition is  here  given. 

Let  there  be  any  two  circles  car,  ahx,  (fig.  14.  pL 
XXXIL)  formed  of  wood,  or  brass^  or  other  metal,  placed 
iipon  a  table  or  u))on  a  fiat  metallic  plate  so  as  to  touch  ^ch 
other,  as  in  c :  then  if  the  circle  ahx  be  made  to  revolve  with 
its  circumference  always  in  contact  with  the  circumference  of 
the  circle  car,  a  style,  or  tracing  pin,  pr  projecting  point,  fixed 
upon  the  circumference  of  the  revolving  circle,  will,  during  its 
motion,  trace  upon  the  table  or  plate  below  the  two  circles,  a 
curve  which  is  called  an  epicycloid.  The  circle  which  in  revolv- 
ing describes  an  epicycloid,  by  a  point  in  its  circumference,  is 
called  the  generating  circle,  and  the  arc  of  the  inmioveable  circle 
which  is  equal  to  the  circumference  of  the  revolving  circle,-  and 
every  point  of  which  is  touched  in  succession  by  the  several 
points  of  the  revolving  circumference,  is  called  the  base  of  the 
epicycloid.  When  the  generating  circle  revolves  without  the 
immoveable  circle,  the  epicycloid  is  called  an  exterior  epicy^ 
chid;  but  if  the  generating  circle  revolves  within  the  other 
circle,  the  epicycloid  is  called  interior:  it  is  the  former  to  which 
most  persons  have  confined  their  attention  in  discussions  rela- 
tive to  the  teeth  of  wheels.  Epicycloidal  arcs  may  manifestly 
be  described  merely  by  means  of  segments  of  circles  of  a  due 
magnitude ;  and  little  patterns  of  pasteboard,  or  of  brass,  may 
easily  be  cut  to  coincide  with  such  arcs,  so  as  to  form  what  the 
workmen  call  templets  or  pattern  teeth,  to  regulate  &e  shape 
of  those  actually  to  be  constructed  on  a  wheel  or  pinion. 

When  three  circles  car,  ahx,  aby,  touch  continually  in  one 
point,  there  will  be  generated  an  exterior  and  an  interior  epicy- 
cloici  at  the  same  time:  and  in  this  case  M'hen  the  circle  aby 
has  its  diameter  half  that  of  ahx,  the  interior  epicycloid  he 
which  touches  the  exterior  C£,  will  be  a  right  line  always 
directed  to  the  centre  b,  of  the  circle  ahx.  Hence  it  follows, 
that  when  two  circles,  as  car,  ahx,  touch  each  other  conti- 
nually,  and  the  one  compels  the  other  to  revolve,  carrying  it 
along  by  the  point  of  contact  A,  if  we  conceive  a  radius  bh,  ia 
the  circle  ahx,  and  after  making  arc  ac  =  arc  ah,  describe 
through  the  point  c,  taken  as  the  origin,  an  exterior  epicycloid 
CE,  which  has  for  its  generating  circle  one  whose  diameter  is 
equal  to  the  radius  bh,  such  radius  bh  will,  during  the  motion 
of  the  two  circles  car,  ahx^  always  touch  the  epicycloid  c£, 
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in  the  point  e,  where  diis  epicycloid  is  cut  by  the  right  line  Ai, 
perpendicular  to  its  cunratnre.  Thus,  instead  of  conceivii^ 
that  one  of  diese  two  circles  moves  the  other  by  the  point  o^ 
contact  Af  we  may  cause  the  radius  bh  of  the  circle  ahx  to  be 
impdkd  by  an  epicjdoid  ex,  attached  to  the  circle  car,  and 
described  by  the  motion  of  the  circle  abt,  whose  diameter  is 
equal  to  the  radius  bh:  we  may  also,  reciprocally^  cause  die 
epicycloid  cb  attadied  to  the  circle  b,  to  be  impelled  by  the 
ridins  BH  of  the  other  circle;  and  so,  by  means  of  the  epicy- 
elmd  CB  and  the  radius  bh,  or  a  series  of  such  epicycloids  and 
such  radii  properly  disposed,  the  two  circles  might  move  each 
other  as  thoi^  they  were  impelled  by  the  point  of  contact  a. 
The  best  form  of  teeth  of  wheels  and  pinions  when  one  of  these 
Utobetright  lioe,i».7  rcdUy  be de<faced  fnun  this  conn- 
deration. 

If  there  were  only  two  circles  toudung  one  another  in  the 
point  A,  and  if  the  motion  of  the  one  were  communicated  Co 
the  other  by  the  point  of  contact,  any  point  whatever,  e  6f  die 
circumference  aby  (fig.  14.  pL  XXXII.)  would  describe  on  die 
moveable  plane  of  the  circle  car,  an  epicycloid  cb;  and  this 
epicycloid  when  supposed  to  be  attached  to  the  circle  CAR^ 
would  move  the  cilrde  aet,  impelling  it  by  the  point  £  of  its 
circumference^  in  the  same  manner  as  the  former  circle  would 
move  the  latter,  communicating  motion  to  it  by  the  point  of 
contact  A ;  and  reciprocally,  the  point  e  of  the  circumference  of 
the  circle  aey  turning  upon  its  centre  g,  would  cause  the  cirde 
CAR  to  revolve,  impdling  it  by  the  epicycloid  ce,  supposed  to 
be  attached  to  this  drcle  car  ;  in  tlie  same  manner  that  the  same 
circle  aey  would  move  the  circle  car,  by  communicating  its 
motion  through  the  point  of  coutact  A.  And  hence  may  be 
deduced  the  best  shape  for  the  teeth  of  a  wheel,  when  it  is  to 
drive  instead  of  a  toothed  pinion,  a  lantern  composed  of 
spindles. 

Since  it  is  rather  simpler  to  shape  the  teeth  of  a  wheel  to 
engage  with  the  spindles  of  a  lantern,  than  those  which  are  to 
act  with  the  leaves  of  a  pinion;  we  shall  first  consider  that  case, 
and,  supposing  the  number  of  teeth  of  a  wheel,  and  of  spindles 
of  a  lantern,  together  with  the  distance  of  their  centres,  to  be 
given,  shall  show  how  to  determine  the  primitive  and  true  radius, 
of  die  wheel,  the  magnitude  and  shape  of  the  teeth,  and  the< 
depth  of  their  engagement  in  the  lantern. 

Here  we  must  commence  with  supposing  the  spindles  of  the 
lantern  to  be  indefinitely  thin,  such  as  may  be  represented  on 
any  plane  section  of  the  lantern,  by  mere  central  points.  Let, 
then,  the  number  of  teeth  in  the  wheel  be- denoted  by  m 
(suppose  30)  and  the  number  of  spindles  in  die  lantern  by  n. 
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(suppose  8),  and  let  of  be  the  fine  of  the  centres  (fig,  5. 
pL  XXXI.)  die  letter  f  being  referred  to  the  point  of  con- 
course of  the  converging  lines  from  A^  d,  x,  R^  whose  continua- 
tions are  omitted  in  the  figure,  to  save  room  upon  the  plate. 
Divide  Ihe  whole  line  of  into  two  parts,  in  the  ratio  otm  to  n, 

thoEit is.  make  af=  -^FG,and  ag=  — ^  fg,  so  will  af  and  ag 

'  m+n      '  m+n        ' 

he  the  required  primitive  radii  of  the  wheel  and  lantern.    'With 
the  primitive  radius  of  the  lantern  describe  the  circle  ABHih, 
and  divide  its  circumference  into  n  (8)  equal  parts,  marking  the 
points  of  division  A,  b,  b.,  i,  K,  &c.  for  the  positions  of  the 
assumed  indefinitely  thin  spindles:  also,  describe  with  the  pri- 
mitive radius  of  the  wheel  the  circumference  csTN,  and  divide 
it  into  171  (30)  equal  parts,  one  of  which  is  CA;  and  let  al  be 
the  small  vacuity  or  interval  which  it  is  thought  proper  to  leave 
between  die  teeth  of  the  wheel,  for  the  play  of  the  engagement. 
Then  CL  will  be  the  foot  of  one  tooth,  through  the  extrdnities 
of  which  describe  two  oppo^te  epicycloids  cep  and  lmp, 
which  turn  their  convexities  towards  the  neighbouring  teeth,  and 
which  have  the  circle  can  for  base,  and  ehkA  for  generating 
circle.    And  proceed  in  a  similar  mannier  to  descrfbe  die  odier 
teeth,  as  aqn,  8cc.    From  this  construction  it  is  obvious  that 
Ate  Instance  from  f,  the  centre  of  the  wheel,  to  p,  the  point  <iff 
concourse  of  the  two  epicycloids,  forming  a  tooth,  is  the 
greatest  true  radius  that  the  wheel  can  have,  in  the  proposed 
case;  and  since  no  more  of  any  tooth  is  wanted^  tiian  what 
reaches  from  c  to  e,  the  preceding  spindle,  when  the  bottom  l, 
of  tiie  tooth,  comes  in  contact  with  the  next  spindle  a,  the  whol^ 
quantity  epm  may  be  cut  away  frpm  the  tooth,  and  it  will  still 
continue  effectual  in  the  machinery;  so  that  the  distance  from  B, 
tP  the  centre  f,  is  tiie  shortest  radius  which  tiie  wheel  can  • 
have,  and  any  radius  noiay  be  adopted  between  the  limits  F£ 
and  FP. 

Our  next  business  is  to  reform  all  these  teeth,  to  make  them 
accord  with  the  spindles  of  a  finite  diameter,  which  the  wheel 
most  have.  Here,  if  the  radius  of  the  spindles,  which  we  sup- 
pose equal,  be  given^  describe  witii  this  radius,  on  the  phmeof 
eacli  tooth,  as  many  small  arcs  as  can  well  be  done,  having  all 
their  centres  in  the  two  epicycloids  ^ich  form  the  tooth ;  and 
trace  out  two  curves,  such  'as  KO,  so>  through  all  these  arcs 
parallel  to  the  epicycloids,  between  which  the  first  teeth  ar^ 
contained^  These  new  curves  no,  so,  or  ty,  vt,  being  thus 
described,  vrill  reform  tiie  first  teeth  cpl,  aqn,  8cc.  and  will 
comprehend  between  them  and  the  primitive  circle  of  the  wheel, 
the  spaces  Ros,  tyv,  Sic  which  will  be  the  proper  figures  of 

F  f2 


4S6  MACHINES. 

the  teeth  of  the  wheel,  to  drive  the  spindles  A)  £,  H,  f^  k,  i,  h,  e, 
the  (iittmeters  of  which  are  given.  For,  if  we  imagine  that  th« 
centre  b  of  a  spindle  is  raoved  hy  the  tooth  cpl,  the  curve  ro 
wliich  is  parallel  to  the  epicycloid  cf,  and  is  distant  from  the 
radius  of  the  spindle  e,  will  always  touch  the  circumference 
of  that  spindle;  hence  the  curve  ro  will  move  the  cyUndric 
spindle,  just  as  the  tooth  CPL,  formed  by  two  epicydoidiEil 
portions,  would  move  the  axis  £  of  that  spindle^  consequently, 
the  tooth  Ros  has  the  proper  form  to  move  a  lantern  with  the 
proposed  cylindric  spindles* 

When  the  common  radius  of  the  spindles  of  the  lantern  is  not 
given,  if  it  be  necessary  to  correct  the  first  teeth  of  the  wheel 
CPL,  AQN,  so  that  the  new  teeth  shall  leave  between  them 
vacuities  equal  to  the  breadth  of  their  feet ;  and  if  it  be  propos-* 
.  ed,  likewise,  that  the  play  of  the  engagement  should  always  be 
equal  to  al  ;  then  divide  udto  two  equsd  parts  CD  and  dl  J^e  foot 
of  the  tooth  CL,  and  having  taken  on  both  sides  of  the  point  n^ 
two  parts  DR  and  Ds,  equal  to  ^  of  the  arc  AC,  th6  arc  RS  virill 
be.  the  foot  of  the  new  tooth  demanded.  Then,  with  a  radius 
equal  to  the  chord  of  the  arc  CR,  trace  out  the  prcles  A,  e,  h, 
..^.  which  will  represent  the  magnitude  of  the  spindles  of  the 
lantern.  Lastly,  to  complete  the  correction  of  the  first  teeth 
of  the  wheel,  describe  with  the  same  radius,  on  the  plane  of 
them,  as  many  small  arcs  as  may  be,  having  their  centres  in  the 
epicycloids  which  comprise  the  first  teeth :  and  if  there  be  drawn 
cin-ves  through  all  these  small  arcs,  such  as  RO  and  so,  or  ty 
and  vY,  we  shall  have  new  teeth  ros,  and  tvy,  which  will 
leave  vacuities  between  them  equal  to  the  breadth  of  their  feet; 
which  will  have  the  play  demanded,  while  acting  in  each  other^ 
and  which  will  drive  the  spindles  whose  size  has  been  deter* 
mined,  in  like  manner  as  the  former  teeth  would  have  driven 
spindles  infinitely  thin. 

Now,  as  the  two  curved  sides  of  each  of  the  new  teeth  mutu* 
ally  terminate  in  the  point  or  edge  of  concourse,  it  is  clear  that 
the  distance  of  of  the  point  of  one  of  these  new  teeth  from 
the  centre  f  of  the  wheel  will  be  the  greatest  true  radius  the 
wheel  will  admit  of.  And,  when  a  spindle  e  has  been  moved 
till  the  centre  A  of  the  following  spindle  is  in  the  line  gf  of  the 
centres,  the  spindle  A  may,  in  its  turn,  be  moved  by  the  sue* 
ceeding  tooth  tyv  ;  and  then  it  will  be  no  longer  necessary  for 
the  tooth  ROS,  to  move  the  cylindric  spindle  e.  The  tooth 
ROS,  therefore,  may  be  terminated  at  the  point  x  where  it 
touches  the  spindle  £,  when  the  centre  of  the  succeeding  spindle^ 
is  in  the  line  of  the  centres ;  and  the  distance  xf  of  that  point 
oi  contact  from  the  centre  of  the  wheel  will  be  the  least  true 
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ridiiis  die  wheel  will  admit  of.  It  will  be  proper  to  give  the 
tnnQ  radius  of  the  wheel  a  mean  length  between  of  and  xf,  and 
lo  file  or  round  off  the  point  of  the  tooth. 
.  The  teeth  of  the  wheel  being  thus  constructed,  it  is  obvious 
that  they  will  not  move  the  spindles  till  their  centres  have 
anirtved  at  the  line  of  centres;  and  that  the  spindles,  on  the 
contrary,  will  move  these  teeth  by  impelling  them  towards  the 
line  of  the  centres  of,  and  until  their  centres  have  arrived  at 
ihat  line. 

The  «ide8  Tz  and  sSc,  of  the  vacuities  suok  in  the  primitive 
"wheel,  being  directed  towards  the  centre  f  of  the  wheel,  the' 
voaixling  ot  the  spindle  which  proceeds  beyond  the  primitive 
circle  of  the  lantern,  ought  to  have  the  shape  of  an  epicycloid, 
which  has  for  its  base  die  primitive  circle  of  the  lantern,  and  is 
generated  by  a  circle  having  a  diameter  equal  to  the  radius  af 
of  the  wheeL  Hence  a  circular  spindle  does  not  appear  proper 
to  be  carried  towards  the  line  of  the  C€|ntres^  by  the  side  tz  of 
the  vacuity  sunk  into  tlie  primitive  wheel.  But  the  precedii^ 
spindle  e,  being  conducte^l  by  the  preceding  tQOth  of  the  wheel, 
until  the  centre  of  the  spindle  a  has  arrived  in  the  line  of  the 
centres,  and  the  space  ta  which  the  right  line  tz  ought  to  make 
die  spindle  pass  over,  before  k  attains  the  line  of  the  centres, 
being  very  short;  the  arc  of  the  spindle  on  which  the  side  tz 
will  slide,  in  driving  that  spindle  will  be  so  minute  that  it  may 
be  taken  for  a  small  arc  of  an  epicycloid,  and  of  consequence, 
if  there  be  any  want  of  uniformity  in  the  movement  of  the 
lantern  by  the  wheel,  during  the  little  time  the  part  tz  of  the 
tooth  moves  the  ^pindlej  this  deviation  from  uniformity  will  be 
too  small  to  be  sensible, 

It  .may  Aot  be  amiss  to  observe  that,  since  the  teedi  of  a 
^beelmust  by  impelling  the  spindles  of  a  lantern,  Remove  them 
from  the  line  of  the  centres,  and  since  no  shocks  need  be  feared 
in  this  method  of  moving  a  lantern,  a  lantern  may,  without 
^ny  inconvenience,  be  caused  to  be  moved  by  a  wheel.  But, 
since,  on  the  other  hand,  the  spindle  of  a  lantern  ought  by  im- 
pelling the  teeth  of  a  wheel  to  bring  them  nearer  to  the  line  of 
the  centres,  and  since  shocks  may  occur  in  this  method  of  driving 
Q  wheel,  it  seems  reasonable  to  conclude  that  a  pinion  is  pre- 
ierable  to  a  lantern  when  a  wheel  is  to  be  driven. 

We  may  next  proceed  to  consider  the  case,  in  which,  know- 
ing the  number  of  teeth  in  a  wheel,  and  the  number  of  the  leaves 
of  thejpt>i207i  upon  which  it  is  to  act,  with  the  distance  of  their 
centres,  we  wish  to  determine  their  primitive  and  true  radii, 
«8  well  as  the  form  of  die  teeth  of  the  wheel,  and  the.  leaves  of 
the  pinion.  Here,  having,  as  in  the  former  instance,  divided  the 
distance  fb  of  the  centres,  (fig.  13.  pi.  XXXil.)  itito  tup  part^ 
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AFajidASjproporlio«aJfc>Aci—liiirfAeieiEth<rflhfiwk>l, 
and  leaves  of  die  pnioB  icqwdmly,  dMae  fuU  idl  be  die 
prioiitiire  n&  of  dbe  iriieel  lad  the  fnitmi  md  if  there  be 
desoribed  widi  dMae  two  iKols  M  raifi,  fton  dhe  p«tB  F  lad  B 
as  centre^  two  dranwfereBcea  aqk,  atx,  toaddag  eaidi  oAcr 
in  the  pcmA  a,  tbejr  will  be  dbose  of  tbe  pmHthre  wheel  aad 

plSlOfl* 

It  is  cofDOKMi  to  ibape  a  wlied  ao  that  the  breadth  of  the 
teeth  if  equal  to  dnt  of  die  rstcwtaes,  wiiidi  is  called  by  die 
Vreodk^'Fendre  urn  nmt  tantfldm  qmt  tndde.    In  this  case 
tGfide  tbe  primitif e  droiiDfereiice  of  dbe  wheel  ioto  twice  as 
nafiy  equal  paits  as  it  oof^  to  have  teeth,  in  order  to  fix  die 
feet  CA,  ho,  fce*  of  diese  teedi,  and  die  vaaiities  ALf  gq,  fcc. 
which  oi^t  to  be  intnposed.    Bat  if  it  be  proposed  thk  the 
teedi  shonld  fill  more  space  than  the  vacnities,  as  is  proper  iu 
certain  ciraunstances,  we  mnst  first  divide  the  pranitive  cir- 
cumference into  as  many  equal  parts  cl,  lg,  &c  as  it  oogM  to 
have  teeth;  aod  afterwards  divide  each  part,  such  as  CL^iato 
two  other  parts,  ca,  al,  one  of  them  eqiud  to  Ae  breadth 
which  we  would  give  to  each  tooth,  and  the  odier  equal  to  the 
interval  proposed  to  be  put  between  two  teeth.    The  feet  ca, 
Lp,  See.  of  all  the  teedi  bebg  determined  upoh  die  prinntive 
circumference  of  ^  wheel,  draw  dirough  die  eztreouties'of 
these  teeth,  towards  the  centre  of  tbe  wheel,  right  lines  ce^AOf 
iJ,  Qq,  See.  nearly  equal  to  tbe  breadth  ca,  lq,  of  these  feet^  to 
mark  out  the  straight  flanks  of  the  teeth;  and  through  the  ex- 
tremities of  each  foot,  as  ca,  let  diere  be  drawn  two  equal 
epicycloids  cp,  ap,  whose  generating  circle  aet  has  the  radius 
AB,  of  the  pinion,  for  its  diameter,  and  both  of  which  have  the 
primitive  circumference  of  the  wheel  for  the  base.    Hiese 
epicycloids,  when  traced  out,  will  include  those  parts  of  the 
tcetn  which  project  beyond  tbe  primitive  circle  of  the  wheel, 
in  such  manner,  that  the  right  line  fp,  drawn  from  the  centre 
of  the  wheel  to  tbe  point  p,  of  concourse,  of  tbe  two  epicycloids 
of  one  tooth,  will  be  the  greatest  true  radius  which  the  wheel 
admits,  relatively  to  the  spaces  given  to  the  teeth,  and  to  tbe 
intervening  vacuities* 

Having  divided  the  primitive  circumference  of  tbe  pinion 
into  as  many  equal  parts  oh,  hs,8cc.  as  it  ought  to  have  leaves, 
each  part  as  oh,  must  again  be  divided  into  two  other  parts  oo, 
OH,  one  equal  to  tbe  tliickness  we  would  give  to  tbe  leaf,  and 
the  other  to  tbe  breadth  of  the  vacuity  proposed  to  be  left 
between  two  leaves;  giving  to  oh  a  breadth  rather  exceeding 
that  of  a  tooth  of  tbe  wheel,  to  furnish  suitable  play  to  the 
engagement.  All  the  breadths  oo,  hA,  &c.  bein^  diua  deter*' 
minedi  draw  right  lines  a  little  longer  than  the  projection  vp,  of 
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Ae  teeth  of  die  wheel,  beyond  their  primitive  circle,  through 
their  extremilies,  towards  the  centre  b  of  the  pinion;  and  these 
lines  will  serve  as  flanks  to  the  leaves  of  the  pinion,  and  will 
determine  the  vacuities  in  which  the  teeth  of  the  wheel  will 
act  with  the  proper  play.  Then  describe  through  the  extremi- 
ties of  the  straight  sides  of  ^ach  leaf  two  epicycioidi^  as  om,  om, 
whose  generating  circle  avf  has  for  diameter  the  radius  of  the 
nwheely  and  both  of  which  have  for  base  the  primitive  circum- 
ference of  the  pinion :  these  epicycloids  being  traced  out,  will 
contain  between  them  the  parts  of  the  leaves  which  project 
beyond  the  primitive  circle  of  the  pinion,  so  that  the  right  line 
Bm  drawn  from  the  centre  of  the  pinion  to  the  point  of  concourse 
m  of  the  two  epicycloids  of  the  same  leaf  will  be  the  greatest 
itrue  radius  that  the  pinion  will  admit  of,  relatively  to  the 
diickness  of  its  leaves.  The  parts  of  the  teeth  of  both  wheel 
«nd  pinion  which  are  left  unshaded  in  the  figure  may  be 
rounded  off,  being  never  exposed  to  mutual  action  upon  one 
unodier. 

The  preceding  directions  may  suffice  to  convey  a  tolerably 
distinct  notion  of  the  scientific  method  of  fonning  teeth  of 
¥Fheels,  to  act  with  either  pinions  or  lanterns,  when  the  motion 
is  communicated  in  the  same  plane:  our  next  business  is  to 
speak  of  the  teeth  of  crown  wheels,  when  driving  either  a 
,  lantern^  or  another  wheel,  their  axles  being  in  different  planes* 
The  space  assigned  to  this  article  compels  us  to  confine  our- 
selves to  the  case  of  a  crown  wheel  driving  a  lantern,  whose 
spindles  are  ranged  in  the  surface  of  a  cone,  in  winch  case 
the  teeth  must  be  shaped  by  means  of  a  spherical  epicycloid*. 
Here  the  first  thii^  is  to  trace  out  the  teeth  of  a  wheel  as 
though  it  had  to  drive  a  lantern  with  spindles  infinitely  thin, 
observing  to  leave  for  the  play  of  the  engagement  small  void 
places  between  the  feet  of  all  the  teieth.  Then,  having  made  a 
lantern  with  conical  spindles,  all  the  summits  of  which  con- 

^  Let  there  be  a  right  cone,  the  sumn^it  of  which  c  remains  immoveable: 
if  the  base  of  this  cone  be  made  to  revolve  on  anj  plane  ras  (fi^.  1,  2* 
pi.  XXX\r.)  placed  at  pleasure  in  respect  of  the  pomt  c,  and  if  we  imagine 
a  style  of  tracer  situatea  in  the  point  a  of  the  circumference  of  the  revolving 
circle^  this  style  a  will  describe  during  its  motion  a  curve  called  a  spherical 
epicycloid.  This  cqrTC  has  not,  that  we  are  aware  of,  been  treated  at  large 
in  any  English  work ;  bjat  the  curious  reader  may  consult  the  following 
papers  in  foreign  pi^bUcations.  Jacobi  Hermanni  de  Epicycloidibus 
sphoericis.  Comment  acad.  Fetropol.  torn.  1.  an.  1726;-r^Oe  1^  Hire 
Traitd  des  Epicycloides,  et  de  leurs  psages  dans  les  M^chaniques.  Hist^ 
^acad.  roy.  Paris.  17^0,  tom.  Q;-— Probleme  sur  les  Epicycloides  sph^(|ues 
par.  M.  Bernoulli,  Mem.  Acad.  Roy.  Par.  1732;— Des  £picycloi4es 
spfa^riques,  par  M.Clairaut,  Do. an.  1739 ;— a.  J.  Lexell,  deepicycloidibus 
in  Miperficie  sphaerica  de^criptis..  Act.  Acad.  Imp.  Petropol.  1779*  P*  %f 
p.49. 
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verge  to  the  centre  c  of  the  spherical- zone,  (figs.  1^  2* 
pi.  XXXV.)  in  which  the  epicycloidal  teeth  have  been  cut, 
mark  on  the  exterior  surface  of  this  zone  the  diameter  which  one 
spindle  has  at  the  place  A,  that  answers  to  such  surface,;  and 
inarky  likewise,  on  the  interior  surface  of  the  same  belt,  the 
diameter  which  the  same  spindle  has  at  the  point  a  where  it 
cuts  that  surface. 

The  diameters  which  the  spindles  will  have  in  the  opponte 
surfaces  of  the  toothed  spherical  zone,  being  marked  upon  these 
surfaces,  take  upon  the  same  the  chords  of  half  the  arcs  to 
which  these  diameters  answer.  These  cords,  which  will  not 
be  sensibly  longer  than  the  radii  of  a  spindle,  measured  at 
the  places  where  it  is  cut  by  the  two  spherical  surfaces  of  the 
zone,  being  taken  for  radii ;  describe  on  the  exterior  and  interior 
^  faces  of  each  tooth*  as  many  little  arcs  as  can  well  be,  having 
their  centres  in  the  epicycloids,  between  which  these  faces  are 
contained.  Then,  making  curves  to  touch  all  these  little  arcs, " 
such  as  CM,  VN,  which  will  necessarily  be  parallel  to  the 
epicycloids  first  traced  out,  and  which, will  form  the  curved 
parts  of  the  new  teeth,  proper  to  drive  the  conical  spindle 
already  spoken  of,  make  in  the  rim  of  the  wheel,'  below  the 
primitive  circle  res,  hollows  such  as  vxyz,  terminated  by  the 
planes  which  pass  through  the  axis  of  the  wheel  and  the  origins 
V,  and  Y,  of  the  curves  parallel  to  the  epicycloids.  The  curves 
OM  and  VN,  and  the  straight  flanks  op  and  vx,  of  every  new 
tooth,  being  traced  upon  the  interior  and  exterior  surfaces  of 
the  spherical  zone,  let  the  teeth  be  cut  so  that  aright  line  fixed 
by  its  extremity  at  the  centre  c  of  the  dentated  zone,  being 
carried  along  the  sides  pom,  xvn,  of  the  exterior  surface  of 
each  tooth,  may  be  applied  exactly  upon  the  lateral  surfaces 
of  these  teeth ;  then  will  be  had  a  proper  wheel  to  move  the 
lantern  with  conical  spindles,  for  which  it  has  been  constructed. 
Though  figs.  1 ,  2.  exhibit  only  spherical  epicycloids,  con- 
taining the  exterior  faces  of  the  first  teeth,  proper  to  move 
infinitely  thin  spindles,  and  though,  to  avoid  confusion,  those 
have  been  suppressed  which  ought  to  contain  the  interior  faces 
of  the  same  teeth;  we  have,  nevertheless,  traced  out  all  the 
curves  which  must  be  drawn  parallel  to  these  epicycloids  in 
order  to  reform  the  first  teeth,  and  put  them  in  a  state  to  move 
uniformly,  a  lantern  with  conical  spindles,  the  common  vertex 
of  which  is  in  the  axis  of  the  wheel.  Also,  as  the  small  arcs  of 
circles  which  ought  to  have  their  centres  in  the  spherical 
epicycloids,  and  through  which  it  is  requisite  to  draw  the  curves 
parallel  to  these  epicycloids,  might  have  caused  confusion  hftd 
they  been  traced  upon  the  faces  of  all  the  teeth,  they  have  been 
described  to  form  only  one  exterior  side  of  that  tooth  which  is 
marked  h. 
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Camas's  dissertation,  which  occupies  more  than  100  pages  in 
his  Course,  gives  many  other  useful  directions  for  the  forma- 
tion of  teeth  for  dijfferent  purposes,  and  exhibits  several  inge- 
nious rules  for  the  calculation  of  the  relative  numbers  of  the 
teeth  in  clock-work,  and  other  machinery.  As,  however,  the 
other  parts  of  Camus's  Course  contain  but  little  that  is  im- 
portant and  valuable  in  the  present  advanced  state  of  mathema- 
tical knowledge,  we  are  glad  to  be  able  to  refer  the  Englisli 
rieader  to  a  translation  of  that  part  of  his  work  alone. which 
relates  to  the  present  subject,  and  which  has  been  recently 
published  by  Mr.  Taylor,  of  the  Architectural  Library,  Hol- 
bom.  . 

The  preceding  are  some  of  the  best  methods  suggested  by 
theory  for  the  formation  of  the  teeth  of  wheels ;  but  it  is  sel- 
d6m  indeed  that  any  of  them  are  made  use  of  by  practical  me- 
chanics. Among  them  various  methods  are  practised,  almost 
every  celebrated  millwright  or  engineer  having  his  favourite 
construction:  of  these  we  shall  only  describe  one  in  this  place; 
and  that,  being  toJerably  easy  in  application,  allowing  much 
strength  to  the  teeth,  while  it  is  pretty  free  from  friction  in 
comparison  with  many  practical  methods,  may  sometimes,  per- 
haps, be  safely  adopted.  Let  a  and  b  (fig.  1 1.  pi.  XXXV:)  be 
two  spur-wheels  of  different  diameters,  of  which  the  cogs  are 
intended  to  work  into  each  other  half  the  pitch.  The  dotted 
circular  arcs  gh,  ef,  touching  each  other  between  s  and  <i,  are 
the  centre  or  pitch  lines,  from  which  the  teeth  are  formed.  If 
the  teeth  of  both  wheels  are  iron,  as  is  generally  the  case  in  the 
first  motions  of  works,  those  teeth  are  then  made  nearly  both 
of  a  size  at  the  pitch  line :  but  if  the  teeth  of  one  be  wood  and 
the  other  iron,  then  the  iron  ones  are  made  to  have  a  good  deal 
"less  pitch  than  the  wooden  ones;  for  then  they  are  found  to 
wear  better.  In  the  figure  both  are  supposed  of  iron.  Suppose 
the  wheels  to  move  from  C  towards  h,  and  from  b  towards  f« 
and  that  the  sides  of  the  teeth  at  b,  c,  and  d,  e,  are  in  contact. 
From  6  as  a  centre  with  a  radius  equal  to  bp,  describe  the  arcs 
pd,  Im;  from  d  as  a  centre  with  the  same  radius  the  arcs  hi,fgf 
ck*  Thus  the  same  opening  of  the  compasses,  and  a  centre 
chosen  where  the  wheels  are  in  contact  on  the  pitch  line,  will 
mark  the  contour  of  the  upper  part  of  a  tooth  of  one  wheel,  and 
the  lower  part  of  a  corresponding  tooth  of  the  other  wheel: 
and  by  taking  several  centres  on  tlie  two  pitch  lines,  the  various 
teeth  may  be  formed.  To  prevent  the  cogs  from  bottoming^  as 
the  workmen  call  it,  let  the  lower  part  re  of  one  tooth  be  made 
rather  longer  than  the  upper  part  pd  of  the  other  which  is  to 
play  into  it.  The  way  in  which  cogs  thus  constructed  will 
work  into  one  another  may  be  understood  by  considering  the 
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motion  of  two  of  them,  n  and  o  for  ei^ample:  when  Aey  first 
iome  into  contact  they  will  appear  as  at  the  curve  xh  pz ;  when 
they  arrive  at  q  the  same  sides  will  appear  as  in  the  dotted  lines 
there  represented;  and  when  the  same  arrive  at  ks,  they  are  in 
contact  on  their  middle  points. 

In  bevel  work  (see  fig.  7.  pi.  III.)  when  this  method  of  form" 
ing  the  teeth  is  adopted,  the  radii  hy,  gy,  of  the  wheels  must  not 
be  taken  as  those  of  the  spur-wheel ;  put  drawing  a  line  through 
y  perpendicular  to  xy,  till  it  meets  xg,  and  xh,  produced,  me 
segments  of  that  line  intercepted  )>etween  y,  and  the  produced 
lines  xg,  xh^  must  be  used  as  the  radii  of  die  spur-wheels,  and 
the  other  part  of  the  construction  will  be  as  above.  Tlie  line 
through  y  drawn  perpendicular  to  xy,  is  called  by  millwrights 
square  of  the  bevd.  For  more  on  the  sui^ct  of  bevel  geer, 
consult  the  introductory  part  of  this  volume.  And  for  Mr. 
Maudslay's  contrivance  for  cutting  teeth  of  wheds,  see  the 
article  turning. 

A  very  ingenious  disquisition  on  the  theory  and  practice  of 
forming  teem  and  pinions,  &c.  is  given  by  M.  Hachette  in  hi^ 
Traitedes  Machines;  but  the  illustrative  plates  are  too  numer- 
ous and  too  large  to  be  convemently  introduced  into  this  work. 

TELEGRAPH  (derived  from  t^ks  and  ygetfw),  is  the  name 
very  properly  given  to  an  instrument,  by  means  of  which  in? 
formation  may  be  almost  instantaneously  conveyed  to  a  conn? 
derable  distance. 

The  telegraph,  though  it  has  been  generally  known  and  used 
by  the  modems  only  for  a  few  years,  is  by  no  means  a  moderq 
invention.  There  is  reason  to  believe  that  amongst  the  Greeks 
there  was  some  sort  of  telegraph  in  use.  The  burning  of  Troy 
was  certainly  known  in  Greece  very  soon  after  ithpppened, 
and '  before  any  person  had  returned  from  thence.  Now  that 
was  altogether  so  tedious  a  piece  of  business,  that  conjecture 
never  could  have  supplied  the  place  of  information.  A  Greek 
play  begins  with  a  scene,  in  which  a  watchman  descends  from 
the  top  of  a  tower  in  Greece,  and  gives  the  information  that 
Troy  was  taken.  **  I  have  been  looking  out  these  ten  years 
(says  he)  to  see  when  that  would  happen,  and  this  night  it  is 
done/'  Of  the  antiquity  of  a  mode  of  conveying  intelligence 
quickly  to  a  great  distance  this  is  certainly  a  proof. 

The  Chinese,  when  tliey  send  couriers  on  the  great  canal,  or 
when  any  great  man  travels  there,  make  signals  by  fire  from  one 
day's  journey  to  another,  to  have- every  thing  prepared;  and 
most  of  the  barbarous  nations  used  formerly  to  give  the  alarm  of 
war  by  fires  lighted  on  the  hills  or  rising  grounds. 

Polybius  calls  the  different  instruments  used  by  the  ancients 
fpr  communicating  information  itvf^Mu,  pyrsiit^  because  the 
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i^nals  were  always  made  by  means  of  fire.  At  first  they  com- 
munical^  informatioii  of  events  merely  by  torches;  but  this 
method  was  of  little  use,  because  it  was  necessary  beforehand 
to  £x  the  meaning  of  every  particular  signal.  Now  as  events 
are  exceedingly  various,  it  was  impossible  to  express  the  greater 
nnmber  of  fiiem  by  any  premeditated  contrivance.  It  was 
easy,  for  instance,  to  express  by  signals  that  a  fleet  had  arrived 
at  such  a  place,  because  this  had  been  foreseen,  and  signals 
•Gcordingly  had  been  agreed  upon  to  denote  it ;  but  an  unex- 
pected revolt,  a  murder,  and  such  accidents,  as  happen  but  too 
often,  and  require  an  immediate  remedy,  could  not  be  com- 
monicated  by  such  signals ;  because  to  foresee  them  was  ini- 
poasiMe* 

A  new  method  was  invented  by  Cleosenus  (others  say  by 
DemocritDs),  and  very  much  improved  by  Polybius,  as  he  him- 
self informs  us.  He  describes  this  method  as  follows :  Take  the 
letters  of  the  (Greek)  alphabet,  and  divide  them  into  five  parts, 
each  of  which  will  consist  of  five  letters,  except  the  last  divi- 
sion, which  will  have  only  four.  Let  these  be  fixed  on  a 
board  in  five  columns.  The  man  who  is  to  give  the  signals  is 
then  te  begin  by  holding  up  two  torches,  which  he  is  to  keep 
aloft  till  the  other  party  has  also  shewn  two.  This  is  only  to 
show  that  both  sides  are  ready.  These  first  torches  are  then 
withdrawn.  Both  parties  are  provided  with  boards,  on  which 
the  letters  are  disposed  as  formerly  described.  The  person, 
then,  who  gives  the  signal  is  to  hold  up  torches  on  the  left  to 
point  out  to  the  other  party  from  what  column  he  shall  take  the 
letters  as  they  are  pointed  out  to  him.  If  it  is  to  be  from  the 
first  column,  he  holds  up  one  torch ;  if  from  the  second,  two ; 
and  so  on  for  the  others.  He  is  then  to  hold  up  torches  on  the 
fight,  to  denote  the  particular  letter  of  the  column  that  is  to  be 
taken.  All  this  must  have  been  agreed  on  beforehand.  The 
man  who  gives  the  signals  must  have  an  instrument  {^i^lgar), 
consisting  of  two  tubes,  and  so  placed  as  that^  by  looking 
through  one  of  them,  he  can  see  only  the  right  side,  and  through 
the  other  only  the  left,  of  him  who  is  to  answer.  The  board 
must  be  set  up  near  this  instrument;  and  the  station  on  the  right 
and  left  must  be  surrounded  with  a  wall  (^afair£^a%daf)  ten  feet 
tnxMu),  and  about  the  height  of  a  man,  that  the  torches  raised 
above  it  may  give  a  clear  and  strong  light*  and  that  when  taken 
down  they  may  be  completely  concealed.  Let  us  now  suppose 
diat  this  information  is  to  be  communicated — J  number  of  the 
auxtliaries,  about  a  hundred;have  gone  over  to  the  enemy,  m  the 
fifst  place,  words  must  be  chosen  that  will  convey  the  informa- 
tion m  die  fewest  letters  possible ;  aS|  A  hundred  Cretans  have 
de^tedy  Kpslss  sxa?^  ap*  i^jmh r  ijvTofUXif 0uy.  Having  written  down 
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this  sentence,  it  is  conveyed  in  this  manner.  The  first  letter 
is  a  K,  which  is  in  the  seoond  column;  two  torches  are  there- 
fore to  be  raised  on  the  left  hand  to  inform  the  person  who 
receives  the  signals  to  look  into  that  particular  column.  Then 
five  torches  are  to  be  held  up  on  the  rights  to  mark  the  letter  k, 
which  is  the  left  in  the  column.  Then  four  torches  are  to  be 
held  up  on  the  left  to  point  out  the  ^  (r),  which  is  in  the  fourth 
column,  and  two  on  the  right  to  show  that  it  is  the  second  letter 
of  that  column.  The  other  letters  are  pointed  out  in  the  same 
manner. — Suc)i  was  the pyrsia  ox  ]telegr9ph  recommended  bj 
Polybius. 

But  neither  this  nor  finy  other  method  mentioned  by  the  aiv 
cients  seems  ever  to  have  been  brought  into  general  use  :  nor 
does  it  appear  that  the  moderns  had  Qiought  of  ^uch  a  machine 
as  a  telegraph  till  the  year  1663,  when  the  marquis  of  WoK 
cesteriin  his  Century  of  Inventions,  affirmed  that  he  had  dis- 
covered ^'  a  method  by  which,  at  a  window,  as  far  as.  eye  can 
discover  black  from  white,  a  man  may  hold  discourse  with  Us 
correspondent,  without  noise  made  or  notice  taken;  being  ac- 
cording to  occasion  given,  or  mieans  afforded,  er  re  ndta,  and 
no  need  of  provision  beforehand ;  though  much  better  if  fore- 
seen, ^nd  course  taken  by  mutual  consent  of  parties.^'  This  could 
be  done  only  by  means  of  a  telegraph,  which  in  the  next  sen- 
tence is  declared  to  have  been  rendered  so  perfect,  that  by  means 
of  it  the  correspondence  could  be  carried  on  ^'  by  night  as  well 
as  by  day,  though  as  dark  as  pitch  is  black." 

Dr.  Hooke,  whose  genius  as  a  mechanical  inventor  was  per- 
haps never  surpassed,  delivered  a  *^  Discourse  to  the  Royal 
Society,  May  21,  1684,  shewing  a  way  how  to  communicate 
one's  mind  at  great  distances."  In  this  discourse,  he  asserted  the 
possibility  of  conveying  intelligence  from  one  place  to  another 
at  the  distance  of  30,  40,  100,  120,  &c.  miles,  **  in  as  short  a 
time  almost  as  a  man  can  write  what  he  would  have  sent."  He 
takes  to  his  aid  the  then  recent -invention  of  the  telescope,  and 
explains  the  method  by  which  characters  exposed  at  one  station 
may  be  rendered  plain  and  distinguishable  at  the  others.  He 
directs,  "  First,  for  the  stations  ;  if  they  be  far  distant,  it  will 
be  necessary  that  they  should  be  high,  and  lie  exposed  to  the 
sky ;  that  there  be  no  higher  hill,  or  part  of  the  earth  beyond 
them,  that  may  hinder  the  distinctness  of  the  characters  that 
are  to  appear  dark,  the  sky  beyond  them  appearing  white :  by 
which  means  also  the  thick  and  vaporous  air  near  the  ground 
will  be  passed  over  and  avoided."  "  Next,  the  height  of  the  sta- 
tions is  advantageous,  upon  the  account  of  the  refraction^  or 
inflections  of  the  air,"  *'  Next,  in  choosing  of  these  staUons, 
care  must  be  taken,  as  near  as  may  be,  that  there  be  no  hill  tha( 
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interposes  between  them,  that  is  almost  high  enough  to  touch 
the  visible  ray ;  because  in  such  cases  the  refraction  of  the  air 
of  that  hill  will  be  very  apt  to  disturb  the  clear  appearance  of 
the  object."  *  '^  The  next  thing  to  be  considered  is,  vrhat  tele- 
scopes will  be  necessary  for  such  stations.'^  **  One  of  these  te- 
lescopes must  be  fixed  at  each  extreme  station^  and  two  of  them 
in  e^ch  intermediate ;  so  that  a  man  for  each  glass,  sitting  and 
looking  through  them,  may  plainly  discover  what  is  done  in  the 
next  adjoining  station,  and  with  his  pen  write  down  on  paper 
the  characters  there  exposed  in  their  due  order ;  so  that  there 
ought  to  be  two  persons  at  each  extreme  station,  and  three  at 
each  intermediate ;  so  that,  at  the  same  time,  intelligence  tnay 
be  Conveyed  fon/i^ards  and  backwards."  '^  Next,  there  must  be 
certain  tunes  agreed  on,  when  the  correspondents  are  to  ex- 
pect; or  else  there  must  be  set  at  the  top  of  the  pole,  in  the 
morning,  the  hour  appointed  by  either  of  the  correspondents 
for  acting  that  day  :  if  the  hour  be  appointed,  pendulum  clocks 
may  adjust  the  moment  of  expectation  and  observing."  '^  Next, 
thiere  must  be  a  convenient  apparatus  of  characters,  whereby 
to  communicate  any  thing  with  great  ease,  distinctbess,  and  se- 
crecy. And  those  must  be  either  day  characters  or  night  cha- 
rajctet*s."  The  day  characters  ^'  may  all  be  made  of  three  slit 
deals :"  the  night  characters  '^  may  be  made  with  links,  or  other 
lights,  disposed  in  a  certain  order."  The  doctor  invented  24 
simpfe  characters,  each  constituted  of  right  lines,  for  the  letters 
of  Uie  alphabet;  and  several  single  characters,  made  up  of 
semicircles,  for  whole  sentences.  He  recommended,  that  three 
very  long  masts  or  poles  should  be  placed  vertically,  and  joined 
at  top  by  one  strong  horizontal  beam ;  that  a  large  screen 
should  be  placed  at  one  of  tlie  upper  corners  of  this  frame,  be- 
hind which  all  the  deal-board  x^haracters  should  hang,  and  by  the 
help  of  proper  cords  should  quickly  be  drawn  forwards  to  be 
exposed,  and  then  drawn  back  again  behind  the  screen.  ^  By 
these  means,"  s^ys  the  doctor,  *^  all  things  may  be  made  so  con- 
venient that  the  same  character  may  be  seen  at  Paris,  within  a 
minute  after  it  hath  been  exposed  at  London,  and  the  like  in 
pcoportion  for  greater  distances ;  and  that  the  characters  may 
be  exposed  so  quick  after  one  another,  that  a  composer  shall  not 
inuch  exceed  the  exposer  in  swiftness."  ,  Among  the  uses  of 
thia  contrivance,  the  inventor  specifies  these :  '^  The  first  is  for 
cities  or  towns  besieged ;  and  the  second  for  ships  upon  the 
sea ;  in  both  which  cases  it  may  be  practised  with  great  cer- 
taii^,  security,  and  expedition."  The  whole  of  Dr.  Hooke's 
paper  was  published  in  Derham's  collection  of  his  Experiments 
QTttid  Obsetvations;  from  which  it  appears,  Aat  he  had  brought 
ihe  telegraph  to  a  state  of  far  greater  maturity  and  perfection 
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thtn  >!.  AmontotiSi  who  attempted  the  aame  thing  about  the 
year  1702 ;  and  indeed  to  a  state  little  infaior  to  several  wbicli 
have  been  proposed  during  the  last  twenty  years. 

It  was  not,  however,  tili  the  French  revolution  that  tbe  tde^ 
graph  was  applied  to  useful  purposes*  Whether  M*  Chappe^ 
who  is  said  to  have  invented  the  telegraph  first  nsed  by  dw 
French  about  the  end  of  179:5,  knew  any  thing  of  Hookers  or 
of  Amonton's  invention,  it  is  impossible  to  say;  but  his  feie- 
graph  was  constructed  on  principles  nearly  similar.  Tbe  nian->- 
ner  of  using  this  telegraph  was  as  follows :  at  the  first  station, 
which  was  on  the  roof  of  the  palace  of  the  Louvre  at  Pstris^  M. 
Chappe,  the  inventor,  received  in  writing,  from  the  cominittee 
of  public  welfare,  the  words  to  be  sent  to  Lisle,  near  wlucfa 
the  French  anhy  at  that  time  was.  An  upright  post  was  erected 
on  the  Louvre,  at  the  top  of  which  were  two  transvetve  amis, 
moveable  in  all  directions  by  a  single  piece  of  mechaiubm,  and 
with  inconceivable  rapidity.  He  invented  a  number  of  positions 
for  these  arms^  which  stood  as  signs  for  the  letters  ot  the  al- 
phabet ;  and  these,  for  the  greater  celerity  and  simplicity,  ht 
reduced  in  number  as  much  as  possible.  The  grammarian  will 
easily  conceive  that  sixteen  signs  may  amply  supply  all.  the 
letters  of  the  alphabet,  since  some  letters  may  be  omitted,  not 
only  without  detriment,  but  with  advantage.  These  sigo$,  as 
they  were  arbitrary,  could  be  changed  every  week ;  so  that  the 
sign  of  B  for  one  day  might  be  the  sign  of  m  the  next ;  and  it 
was  only  necessa^  tliat  the  persons  at  the  extremities  should 
know  the  key.  llie  intermediate  operators  were  only  instmcted 
generally  in  these  sixteen  signab;  which  were  so  distinct,  so 
marked,  so  different  the  one  from  the  other,  that  they  were 
easily  remembered.  The  construction  of  the  machine  was  such, 
that  each  signal  was  uniformly  given  in  precisely  the  same  man-* 
ner  at  all  times :  it  did  not  depend  on  the  operator's  manual 
skill ;  and  the  position  of  the  arm  could  never,  for  any  one 
signal,  be  a  degree  higlier  or  a  degree  lower,  its  movemoit  bang 
regulated  mechanically. 

M.  Chappe  having  received  at  die  Louvre  the  sentence  to  be 
conveyed,  gave  a  kiiown  signal  to  the  second  station,  whicb  was 
Mont  Martre,  to  prepare.  At  each  station  there  was  a  watch* 
tower,  where  telescopes  were  fixed,  and  the  person  off  watdi 
gave  the  signal  of  preparation  which  he  had  received,  and  this 
communicated  successively  through  all  the  line,  which  brought 
them  all  into  a  state  of  readiness.  The  person  at  Mont  Martre 
then  received,  letter  by  letter,  the  sentence  firom  the  Louvre, 
which  he  repeated  with  his  own  machine ;  and  this  was  again 
repeated  from  the  next  height,  with  inconceivable  rapidity,  to 
the  final  station  at  Lisle* 
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The  first  description  of  the  telegraph  was  brought  from  Paris 
to  Frankfort  on  the  Mttne  by  a  former  member  of  the  parlia-, 
ment  of  Bourdeaux,  who  had  seen  that  whkh  was  erected  on  the 
mountain  of  BelviUe.  As  given  by  Dr.  Hutton  from  some  of  the 
English  papers,  it  is  as  fcnlows.  aa  is  a  beam  or  mast  of  wood 
placed  upright  on  a  rising  ground  (fig.  1.  {)L  XXXIII.)^  whicb 
is  about  fifteen  or  sixteen  feet  high,  bb  is  a  beam  or  balance 
moving  upon  the  centre  aa.  This  balance-beam  may  be  placed 
vertically  or  horizontally,  or  any  how  inclined,  by  means  of 
strong  cords,  which  are  fixed  to  the  wheel  d,  on  the  edge  of 
which  is  a  double  groove  to  receive  the  two  cords.  This  ba** 
lance  is  about  eleven  or  twelve  feet  long,  and  nine  inches  lMt>ad, 
having  at  the  ends  two  pieces  of  wood  cc,  which  lik«f%ise  turn 
upon  angles  by  means  of  four  other  cords  diat  pass  throii^  the 
axis  of  the  main  balance,  otherwise  the  balance  wonld  derange 
the  cords ;  the  pieces  c  are  each  about  three  feet  long,  and  may 
be  placed  eidier  to  the  rif^t  or  left,  stra^ht  or  square  witb 
the  balance-beam.  By  means  of  diese  three  the  combination  of 
movement  is  very  extensive,  remarkably  simple,  and  easy  to 
perform.  Below  is  a  small  wooden  gouge  or  hut,  in  which 
a  person  is  employed  to  observe  the  movements  of  the  ma- 
chme.  In  the  mountain  nearest  to  this,  another  person  is  to 
repeat  these  movements,  and  a  third  to  write  them  down.  The 
time  taken  up  for  each  movement  is  twenty  seconds ;  of  which 
the  motion  alone  is  four  seconds,  the  other  1 6  the  machine.  i» 
stationary.  Two  working  models  of  this  instrument  were  exe- 
cuted at  Frankfort,  and  sent  by  Mr.  W.  Playfoir  to  the  duke  of 
York :  and  hence  the  plan  and  alphabet  of  die  machine  came 
to  England. 

Various  experiments  were  in  consequence  tried  upon  tele«- 
graphs  in  this  country ;  and  one  was  soon  after  set  up  by  go- 
vernment in  a  chain  of  stations  from  the  admiralty-office  to  the 
sea-coast.  It  consists  of  six  octagon  boards,  each  of  which  is 
poised  upon  an  axis  in  a  frame,  in  such  a  manner  that  it  can  be 
either  placed  vertically,  so  as  to  appear  with  its  full  size  to  the 
observer  at  the  nearest  station,  as  in  fig.  2.  or  it  becomes  Invi- 
sible to  him  by  being  placed  horizontally,  as  in  fig.  3.  90  that 
the  narrow  edge  alone  is  exposed,  which  narrow  edge  is  from 
a  distance  invisible.  -  Fig.  2.  is  a  representation  of  this  tele- 
graph, with  the  parts  all  shut,  and  the  machine  ready  to  work. 
T,  in  the  officer's*  cabin,  is  the  telescope  pointed  to  the  next  sta- 
tion. Fig.  S.  is  a  representation  of  the  machine  not  at  work, 
and  with  the  ports  all  open.  The  opening  of  the  first  port  (fig. 
2.)  expresses  a,  the  second  b,  the  third  Cj  die  fourth  d^  die  fifth 
r,  and  the  sixth y^  &c. 

Six  boards  make  36  changes,  by  the  most  plain  and  simple 
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mode  of  \(rorking ;  and  they  wQl  make  many  more  if  more  were 
necessary ;  but  as  the  real  superiority  of  the  telegraph  over  all 
other  modes  of  making  signals  consists  in  its  making  letters,  we 
do  not  think  that  more  changes  than  the  letters  of  the  alphabet^ 
and  the  ten  arithmetical  cyphers,  are  necessary;  but,  on  the  con- 
trary, that  those  who  work  the  telegraphs  should  avoid  commu- 
nicating by  words  or  signs  agreed  upon  to  express  sentences; 
for  that  is  the  sure  method  never  to  become  expert  at  sending 
unexpected  intelligence  accurately. 

Several  other  telegraphs  have  been  proposed  to  remedy  the 
defects  to  which  the  instrument  is  still  liable.  The  dial-plate  of 
a  clock  would  make  an  excellent  telegraph,  as  it  might  exhibit 
144  signs  so  as  to  be  visible  at  a  great  distance*  A  telegrafdi 
on  this  principle,  with  only  six  divisions  instead  of  twelve,  would 
be  simple  and  cheap,  and  might  be  raised  20  or  SO  feet  high 
above  the  building  without  any  difficulty :  it  might  be  supported 
on  one  post,  and  thereforje  turn  round,  and  the  contrast  of  co- 
lours would  always  be  the  same* 

A  very  ingenious  improvement  of  the  telegraph  has  been 
proposed  in  the  Gentleman's  Magazine.  It  consists  of  a  semi^ 
circle,  to  be  properly  elevated,  and  fixed  perpendicularly  on  a 
strong  stand.  The  radius  1 2  feet ;  the  semicircle  consequently 
somewhat  more  than  36.  This  is  to  be  divided  into  24  parts. 
£ach  of^hese  will  therefore  comprise  a  space  of  18  inches,  and 
an  arch  of  7°  30'  on  the  circumference.  These  24  divisions  to 
be  occupied  by  as  many  circular  apertures  of  six  inches  dia- 
meter ;  which  will  leave  a  clear  space  of  six  inches  on.  each  side 
between  the  apertures.  These  apertures,  beginning  from  the 
left,  to  denote  the  letters  of  the  alphabet,  omitting  k,  j  con- 
sonant, V,  X,  and  q,  as  useless  for  this  purpose.  There  are 
then  21  letters.  The  four  other  spaces  are  reserved  for  signals. 
The  instrument  to  have  an  index  moveable  by  a  windlass  on  the 
centre  of  the  semicircle,  and  having  two  tops,  according  as  it 
is  to  be  used  in  the  day  or  night ;  one,  a  circular  top  of  lac- 
quered iron  or  copper,  of  equal  diameter  with  the  apertures 
{and  which  consequently  will  eclipse  any  of  them  against  which 
it  rests) ;  the  other,  a  spear  or  arrow-shaped  top,  black,  and 
highly  polished,  which  in  standing  before  any  of  die  apertures 
in  the  day-time  will  be  distinctly  visible.  In  the  night,  the 
apertures  to  be  reduced  by  a  diaphragm  sitting  close  to  each,  so 
us  to  leave  an  aperture  of  not  more  than  two  inches  diameter. 
The  diaphragm  to  be  of  well-polished  tin ;  the  inner  rim  lac- 
quered black  half  an  inch.  All  the  apertures  to  be  illuminated, 
when  the  instrument  is  used  in  the  night-time,  by  small  lamps ; 
to  which,  if  necessary,  according  to  circumstances,  convex 
lenses  may  be  added,  fitted  into  each  diaphragm,  by  whidi  the 
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light  maty  be  powerfully  conceDtrated  and  iticreasedt  OVer  each 
aperture  one  of  the  fiVe  prismatic  colours  least  likely  to  be  mis- 
taken (the  remaining  two  being  less  distinguishable^  and  not 
Mranted,  are  best  omitted)  to  be  painted ;  and^  in  their  natural 
order,  on  a  width  of  eighteen  mches  and  a  depth  of  four,  red, 
orange,  yelldSv,  green,  blue ;  or,  still  to  heighten  the  contrast, 
and  render  immediately  successive  apertures  more  distinguish- 
able, red,  green,  orange,  blue,  yelloW.  The  whole  inner  circle 
beneath  and  between  the  apertures  to  be  painted  black. 

When  the  instrument  is  to  be  used,  the  index  to  be  set  to  the 
signal  apertures  on  the  right.  All  the  apertures  to  be  covered 
or  dark  when  it  begins  to  be  used,  except  that  which  is  to  give 
^he  signal.  A  signal  gun  to  be  fired  to  apprise  the  observer.  If 
tiie  index  is  set  to  the  nrst  aperture,  it  will  denote  that  words 
ire  to  be  expressed ;  if  to  the  second,  that  figures;  if  to  the 
third,  that  the  iSgur^s  cease  ;*  and  that  the  intelligence  is  carried 
Ob  in  words.  When  figures  are  to  be  expressed,  the  alternate 
apertures  from  the  left  are  taken  in  their  order,  to  denote  from 
1  to  10  inclusively ;  the  second  from  the  right  denotes  100;  the 
fifth  1000.  This  order,,  and  these  intervals,  are  taken  to  pre- 
vent any  confusion  iii  so  peculiarly  important  an  article,  of  the 
intelligence  to  be  conveyed. 

Perhaps,  however,  few  of  the  telegraphs  hitherto  offered^  to 
the  public  exceed  the  following,  either  in  simplicity,  (cheapness^ 
or  facility  in  working ;  and  it  might,  perhaps,  with  a  few  trifling 
additions^  be  made  exceedingly  distinct^  It  is  thus  described  in 
the  Aepertory  of  Arts  and  Manufactures :  for  a.  nocturnal 
tel^raph,  let  thefe  be  four  large  patent  reflectors,  lying  on  the 
same  plane,  parallel  to  the  horizon,  placed  on.  the  top  of  an  ob- 
servatory. Let  each  of  these  reflectors  be  capable,  by  means 
of  two  winches,  either  of  elevation  or  depression  to  a  certain 
degree^  By  elevating  or  depressing  one  or  two  of  the  reflectors, 
eighteen  very  distinct  arrangements  qiay  be  produced,  as  the. 
following  scheme  will  explain. 
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For  the  sake  of  example,  die  above  arr.mgemeots  are  made 
to  answer  to  the  most  necessfH7  letters  of  the  alphabet;  but  aU 
terations  may  be  made  at  will,  and  a  greater  number  of  changes 
produced,  without  any  addition  to  the  reflectors.  In  the  first 
observatory  there  need  only  be  a  set  of  single  reflectors ;  but 
in  the  others  each  reflector  should  be  double,  so  as  to.  face 
both  the  preceding  and  subsequent  observatory;  and  each  ob- 
servatory should  be  furnished  with  two  telescopes.  The  proper 
diameter  of  the  reflectors,  and  their  distance  from  each  other, 
will  be  ascertained  by  experience ;  and  it  must  be  observed,  thai 
each  reflector,  after  every  arrangement,  must  be  restored  to  its 
place. 

To  convert  this  machine  into  a  diurnal  telegraph,  nothing 
more  b  necessary  than  to  insert,  in  the  place  of  the  reflectors, 
gilt  balls,  or  any  other  conspicuous  bodies. 

Since  these  inventions  were  made  public,  telegraphs  have 
been  brought  to  so  great  a  degree  of  perfection,  that  they,  now 
convey  information  speedily  and  distinctly,  and  are  so  much 
simplified,  that  they  can  be  constructed  and  maintained  s\^  little 
expense.  The  advantages  too  which  result  from  their  use  are 
almost  inconceivable.  Not  to  speak  of  the  speed  with  which 
information  is  communicated  and  orders  given  in  time  (tf  n^ar, 
by  means  of  them,  the  whole  kingdom  could  be  prepared  in  au 
instant  to  oppose  an  invading  enemy.    A  telegraph  might*  be 
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nl^o  iised  b;  commercial  men  to  convey  a  commisoM  cheaper 
and  speedier  than  an  express  can  travel.  An  establishment  of 
telegraphs  might  be  made  like  that  of  the  post;  and  instead  of 
being  an  expense,  it  would  produce  a  revenue.  Somethii^  of 
this  kind  was  about  ten  years  ago  set  up  to  facilitate  the  jinter- 
coarse  between  Norwich  and  Yarmouth^ 

THERMOMETER, an  instrument  for  ascertaining  the  tem- 
perature,  that  is^  for  measuring  the  degree  of  heat  or  cold  ia  any 
body.  The  thermometer  was  invented  about  the  beginnins  of 
the  15th  century;  bijiti  like  many  other  useful  inventions, it  has 
been  found  impossible  to  ascertain  to  whom  the  honour  of  it 
belongs. 

'  The  first  form  of  this  instrument  for  measuring  the  degrees 
of  heat  and  cold  was  the  air-thermometer.  It  is  a  well-known 
fact  that  air  expands  with  heat  so  as  to  occupy  more  space 
than  it  does  when  cold,  and  that  it  is  condensed  by  cold  so  as  to 
.occupy  less  space  than  when  warmed,  and  that  this  expansion 
and  condensation  is  greater  or  less  according  to  the  degree 
of  beat  or  cold  applied.  The  principle  then  on  which  the 
jair-thermometer  was  constructed  is  very  simple.  The  air  was 
confined  in  a  tube  by  means  of  some  coloured  liquor;  the 
liquor  rose  or  fell  according  as  the  air  became  expanded  or  con- 
densed. 

This  instrument  was  extremely  defective :  for  the  air  in  the 
tube  was  not  only  afiected  by  the  heat  and  cold  of  the  atmo- 
sphere, but  also  by  its  weight. 

The  air  being  found  improper  for  measuring  with  accuracy 
the  variations  of  heat  and  cold  according  to  the  form  of  the 
tfaennometer  which  was  first  adopted,  ai^other  .fluid  was  pro« 
posed  about  the  middle  of  the  1 7th  century  by  the  Florentine 
academy.  This^  fluid  was  spirit  of  wine,  or  alcohol,  as  it  is 
now  generally  named.  The  alcohol  being  fcoloured,  was  in« 
closed  in  a  very  fine  cylindrical  glass  tube  previously  exhausted 
of  its  air,  having  a  hollow  ball  at  the  lower  end,  and  bermeti* 
eally  sealed  at  the  other  end.  The  ball  and  tube  are  filled  with 
rectified  spirit  of  wine  to  a  convenient  height,  when  tlie  wea* 
ther  is  of  a  mean  temperature,  which  may  be  done  by  inverting 
the  tube  into  a  vessel  of  stagnant  coloured  spirit,  under  are* 
ceiver.  of  the  air-pump,  or  in  any  Other  way.  When  the  ther- 
mometer is  properly  filled,  the  upper  end  is  heated  red-hot  by  a 
lamp,  and  then  hermetically  sealed,  leaving  the  included  air  of 
about  J  of  its  natural  density,  to  prevent  the  air  which  is  in  the 
ipirit  from  dividing  it  in  its  expansion*  To  the  tube  is  applied 
a  scale,  divided  from  the  middle  into  100  equal  paits,  upwards 
4Qd  downwards. 
At  Spirit  of  wine  U  €;»pabl^  ^f  a  v/^y  ooosiderajble  degree  of 
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rarefaction  and  Condensation  by  heat  and  cold,  when  the  heart 
of  the  atmosphere  increases  the  spirit  dilates,  and  consequeiitly 
rises  in  the  tube ;  and  when  the  heat  decreases  the  spirit  de- 
scends, and  the  degree  or  quantity  of  the  motion  b  shown  by  a 
-scale. 

The  spirit  of  wine  thermometer  was  not  subject  to  some  of 
-the  inconveniences  which  attended  the  air-thermon3'eter.  In 
'^f ticular,  it  was  not  affected  by  variations  in  the  weight  of 
the  atmosphere:  accordingly  it  soon  came  into  general  tr^ 
among  philosophers.  It  was,  at  an  eariy  period,  introdueed 
-into  Britain  by  Mr.  Boyle.  To  this  instrument,  as  then  used^ 
there  are,  however,  many  objections.  The  liquor  was  of  dif- 
ferent degrees  of  strength  ;  anrd  therefore  different  tubes  filled 
with  it,  when  exposed  to  the  same  degree  of  heat,  would  not 
correspond.  There  was  also  anolhef  defect ;  the  scale  whfch 
«was  adjusted  to  the  thermortieter  did  not  commence  at  any  fixed 
point.  The  highest  term  was  adjusted  to  the  great  dun-shine 
heats  of  Florence,  which  are  too  variable  and  undetermined; 
'and  frequently  the  workman  formed  the  stale  according  to  his 
own  fattcy.  While  the  thermometer  laboureii  iander  such  di^ 
advantages  it  could  not  be  of  general  use. 
•  To  obtain  some  fixed  unalterable  point  by  which  a  deter* 
mined  scale  might  be  discovered,  to  which  all  thermometenf 
might  be  accurately  adjusted,  was  the  subject  which  next  drew 
•the  attention  of  philosophers.  Mr.  Boyle,  who  seems  at  an 
early  period  to  have  studied  this  subject  with  much  arixiety,  pro- 
posed the  freezing  of  the  essential  oil  of 'aniseeds-  as-  a  conve- 
*  nient  point  for  graduating  thermometers ;  but  this  opinion  he 
«oon  laid  aside.  Dr.  Halley  next  proposed  that  thermometers 
should  be  graduated  in  a  deep  pit  nnder  ground,  where  the 
temperature  both  in  winter  and  summer  is  pretty  uniform ;  and 
that  the  point  to  which  the  spirit  of  wine  should  rise  in  such  a 
subterraneous  place  should  be  the  point  from  which  the  scale 
should  commence.  But  this  proposal  was  evidently  attended 
with  such  inconveniences  that  it  was  soon  abandoned.  He 
made  experiments  on  the  boiling  point  of  water,  of  mercury, 
and  of  spirit  of  wine ;  ar.d  he  seems  rather  to  give  a  preference 
to  the  spirit  of  wine.  He  objected  to  the  freezing  of  water  as 
a  fixed  point,  because  he  thought  that  it  admitted  considerable 
latitude. 

It  seems  to  have  been  reserved  to  the  genius  of  NeVvton  to 
determine  this  important  point,  on  which  the  acCufacy  and  va^ 
lue  of  the  thermometer  depends.  He  chose,  as  fixed,  those 
points  at  which  water  freesses  and  boils;  the  very  pcMnts  which 
the  experiments  of  succeeding  philosophers  have;  determined  to 
be  tlie.jmost  fixed  and  c<^venient.     Sensible  of  the  disadvan- 
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tages  of  spirit  of  wine,  he  tried  another  liquor  which  was  ho* 
mogeneous  enough,  capable  of  a  considerable  rarefaction^  about 
15  times  greater  than  spirit  of  wine.  This  was  Unseisd  oil.  It 
has  not  been  observed  to  freeze  even  in  very  great  colds,  and  it 
bears  a  heat  about  four  times  that  of  water  before  it  boils.  With 
these  advantages  it  was  made  uite  of  by  Newton,  who  discovered 
by  it  the  comparative  degree  of  lieat  for  boiling  water,  meltings 
wax,  boiling  spirit  of  wine,  and*  melting  tin ;  beyond  which  it- 
does  not  appear  that  this  thermometer  was  applied.  The  me« 
thod  he  used  for  adjusting  the  scale  of  this  oil-thermometer  was- 
as  follows:  supposing  the  bulb,  when  immerged  in  thawing-. 
4ipOw,  X6  contain  10,000  parts,  he  found  Uie  oil  expand  by  the: 
beat  of  the  human  body  so  as  to  take  up  tt  th  more  space,  or 
10,256  such  parts;  and  by  the  heat  of  water  boiling  Strongly* 
10,725  ;  and  by  the  heat  of  melting  tin  11,516.  So  that  reckou-- 
ing  die  freezing  point  as  a  common  limit  between  heat  and 
cold,  he  began  bis  scale  there,  marking  it  0,  and  the  heat  of 
the  human  body  he  made  12^;  and  consequently,  the  degrees 
the  heat  being  proportional  to  the  degrees  of  rarefaction,  or* 
2SS  :  725  :  :  12  :  34,  this  number  34*  will  express  the  heat  o£ 
boiling  water;  and  by  the  same  rule,  72  that  of  melting  tin*- 
This  thermometer  was  constructed  in  1701. 

Tq  the  application  of  common  oil  as  a  measure  of  heat  and  cold 
theire  are  strong  objections.  It  is  so  viscid,  that  it  adheres  too 
strongly  to  the  sides  of  the  tube.  On  this  account  it  ascends  and 
descends  too  slowly  in  case  of  a  sudden  heat  or  cold.  In  a  sud-. 
den  cold,  so  great  a  proportion  remains  adheriugto  the  sides  of 
the  tube  af^r  the  rest  has  subsided,  that  the  surface  appears 
lower  than  the  corresponding  temperature  of  the  air  requires. 
Aji  oil-thermometer  is  therefore  not  a  proper  measure  of  heat 
and  cold. 

All  tlie  thermometers  hitherto  prqposed  were  liable  to  many 
inconveniences,  and  could  not  be  considered  as  exact  standards- 
for  pointing  out  the  various  degrees  of  temperature.  This  led 
Jleaumur  to  attempt  a  new  one,  an  account  of  which  was 
published  in  the  year  1730,  in  the  Memoirs  of  the  Academy  o£ 
Sciences.  This  thermometer  was  made  with  spirit  of  wine. 
He  took  a  l^r^e  ball  and  tube,  the  dimensions  and  capacities  of 
which  were  known :  he  t}ien  graduated  the  tube,  so  that  the 
space  fron)  one  divisipQ  to  another  might  contain  1000^  p^rt 
of  the  liquor;  the  liquor  containing  fOOO  parts  when  it  ^{loiad 
at  the  frjee^ing  point*  He  adjusted  the  thermometer,  tq  the 
freezing  poii^t  by  siH  artificial  congelation  of  water :  then  put-, 
\mg  the  ball  pf  his  thermooieter  and  part  of  the  tube  into  boil^v 
iog  water,  he  observed  whether  it  rose  80  divisions:  .if  it  ex^ 
p^ed  these,  be  changed  his  fiquor,  un^  by  adding  yi^X^% 
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lowered  it,  till  updn  trial  it  should  just  rise  80  diTitions ;  or  if 
the  liouor,  beiti^  too  low,  fell  short  of  80  divisions,  he  raised  it 
hj  adding  rectified  spirit  to  it.  The  liq^ior  tbns  prepared  suited 
his  purpose^  and  served  for  ms^ktng  a  thermometer  of  any  sixe, 
whose  scale  would  a^ree  with  his  standard. 

This  thermometer  was  far  from  being  perfect.  As  the  bulbs 
were^  three  or  four  inches  in  diaoieter,  th^  ^nrrounding  icc^ 
would  be  melted  before  its  tefnperatnre  could  be  propagated  to 
the  )y)iole  spirits  in  the  bulb,  and  consequently  the  freezing 
point  would  be  niarked  higher  than  it  should  be«  Dr.  Martiit^ 
accordingly  found,  that  instead  of  coinciding  with  the  S2d  de- 
gree of  Fahrenheit,  it  cpitesponded  with  the  34th,  or  a  point  a* 
little  above  it.  fleaumur  committee]  a  pifstake  also  respecting 
the  boiling  point ;  for  he  bought  that  the  spirit  of  wine,  whether 
weak  or  strong,  when  infimerged  in  boiling  water,  received  the 
same  de^ee  of  heat  with  the  boiling  water.  But  it  is  wel) 
known  tnat  higldy-rectified  spirit  of  wine  cannot  be  heated 
much  beyond  the  175th  degree  of  Fahrenheit,  while  boiling 
water  raises  the  qiiicksilver  87  degrees  higher.  There  is  an* 
other  thermometer  that  goes  by  the  name  of  Reaumui^Sj  wbicli 
shall  be  after\vards  described. 

At  length  a  different  fluid  was  proposed,  by  which  theitno^ 
ineters  could  be  made  free  from  most  of  the  defects  hitherto 
mentioned.  This  fluid  was  mercury,  and  seems  first  to  have 
occurred  tp  Dr.  Halley  in  the  last  century ;  but  was  not  adopted 
by  him,  on  account  of  its  having  a  smaller  degree  of  expansibility 
than' the  other  fluids  used  at  that  lime.  Boerhaave  says  that 
the  mercurial  thermometer  was  first  constructed  by  Olausf 
Roemer  \  but  the  honour  of  this  invention  is  generally  given  to 
Fahrenheit  of  Amsterdana,  who  presented  an  account  of  it  to 
the  Royal  Society  of  London  in  1724. 

Mercury  is  far  superior  to  alcohol  and  oil,  and  is  much  more 
manageable  than  air.  1.  As  far  as  the  experirhents  already 
made  ca^i  determine^  it  is  of  all  the  fluids  hitherto  employed  id 
the  construction  of  thermometers  that  which  m^^iires  most 
exactly  equal  differences  of  heat  by  equal  differences  of  its  bulk : 
its  dilatations  lEire  in  fact  very  nearly  proportional  to  the  aug- 
mentations of  heat  applied  to  it.  2.  Of  all  liquids  it  is  the 
most  easily  freed  from  air.     S.  It  is  fitted  to  measure  high  de^ 

frees  of  heit  and  cold.  It  sustains  a  Weat  of  600^  of  Fahren- 
eii's  scale,  and  doe?  not  congeal  till  it  falls  S9  or  40  degreesf 
beloW  p.  4.  It  is  the  most  sensible  of  any -fluid  to  heat  and  celd, 
even  air  not  excepted.  Count  Rumford  fduiid  that  liiercary 
was  heated  from  the  freezing  to  the  boiling  point  in  5%  seconds, 
while  water  took  two  minute^  )  S  secdnd^,  and  commbn  air  lO 
Qiinutes  and  17  seco'nds.    5.  Mercury  is  a  homogeneous  fluid^ 
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and  every  portion  of  it  b  equally  dilated  or  contracted  by  equal 
variations  of  heat.  Any  one  thermometer  made  of  pure  mer- 
cury is,  ceteris  paribus,  possessed  of  the  satnc  properties  with 
every  other  thermometer  made  of  pure  mercury.  Its  power  of 
expansion  is  indeed  about  six  times  less  than  that  of  spirit  of 
wine,  but  it  is  great  enough  to  answer  most  of  the  purposes  for 
which  a  thermometer  is  wanted. 

The  fixed  points  which  are  now  universally  chosen  for  ad- 
justing thermometers  to  a  scate^  and  to  one  another,  are  the 
boiling  and  freezing  water  points.  The  boiliog  water  point,  it 
is  well  known,  is  not  an  invariable  point,  but  varies  some  degrees 
according  to  the  weight  and  temperature  of  the  atmosphere. 
In  an  exhausted  receiver,  water  will  boil  wi^h  a  heat  of  98°  or 
100°;  whereas  in  Papin's  digester  it  will  acquire  a  heat  of  412°. 
Hence  it  appears  that  water  will  boil  at  a  lower  point,  according 
to  its  height  in  the  atmosphere,  or  to  the  weight  of  the  column 
of  air  which  presses  upon  it.  In  order  to  ensure  uniformity 
therefore  in  the  construction  of  thermometers,  it  is  now  agreed 
that  the  bulb  of  the  tube  be  plunged  in  the  water  when  it  boils 
violently,  the  b;irometer  standing  at  30  English  inches  (which 
is  its  mean  height  round  London),  and  the  temperature  of  tli^ 
atmosphere  55°,  A  thermometer  made  in  this  way,  with  its 
boilmg  point  at  212°,  is  called  by  Dr.  Horsley  BinTs  Fahreth 
heit,  because  Mr.  Bird  was  the  first  person  who  attended  to  thi^ 
state  of  the  barometer  in  constructing  thermomet^^. 

As  artists  may  be  often  obliged  to  adjust  thermometers  iitvder 
very  different  pressures  of  the  atmosphere,  philosophers  have 
been  at  pains  to  discover  a  general  rule  whiph  might  be  applied 
oil  all  occasions.  M.  de  Luc,  in  his  Recliercbes  sur  les  Ijfod*  dif 
VAtmospherey  has  given,  from  a  series  of  experiments,  an  equit- 
tion  for  the  allowance  on  account  of  this  difference,  in  Paris 
measure,  which  has  been  verified  by  Sir  George  Shuckburgh ; 
also  Dr.  Horsley,  Dr.  Maskelyne,  and  Sir  George  Shuckburgh, 
have  adapted  tlie  equation  and  rules  to  English  measure,  and 
have  reduced  the  allowance^  into  tables  for  the  use  of  the  artist. 
Pr.  Horsley's  rule,  deduced  ifrom  De  Luc's,  is  this : 

log.  z  -  02-804  =  h. 


8990000 

where  h  denotes  the  height  of  a  thermometer  plung^  in  boil- 
rng  water,  above  the  point  of  melting  ice,  in  degrees  of  Bird's 
Fahrenheit|  and  z  the  height  of  the  barometex  in  lOths  of  an 
inch.  From  thiqi  rule  )fe  has  computed  the  following  table  for 
finding  the  heights  to  which  a  good  Bird's  Fahrenheit  will  rise 
when  plunged  in  boiling  water,  m  all  states  cf  the  barometer, 
from  27  to  31  English  .inches;  which  will  serve,  an^ong  other 
uses^  to  direct  instrument^makers  ip  making  a  true  allowance 
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for  the  effect  of  the  vanatba  of  tb^  boromeUr,  if  they  should 
be  obl^ed  to  tioisb  a  thainoineter  vt  a  time  when  the  barometer 
is  above  or  below  30  inches ;  though  it  is  best  to  fix  the  boiling 
point  wheQ  the  barometer  is  at  that  height. 

Equation  of  the  Boiling  Point, 


■rpmeter. 

Equtlioa. 

81-0 

+  1" 

30-5 

■+  D73 

SO-0 

PPO 

29-5 

-  0-80 

29-q 

-  r6s 

28-5 

-2'4S 

280 

-3-31 

21-S 

-4-16 

21-0 

-504 

piflcrence- 

0-78 
0-79 
0-8() 
0-82 
0-83 
085 

o-se 


The  numbers  in  the  first  column  of  this  table  express  height^ 
of  die  quicksilver  in  the  barometer  in  English  inches  and  deU' 
mal  parts :  the  second  column  shows  the  equation  to  be  applied, 
according  to  the  sign  prefixed,  to  212°  of  Bird's  Fahrenneir,  to 
find  the  true  boiling  point  for  every  such  statp  of  the  barome- 
ter. The  boiling  point  for  all  intermediate  states  of  the  baro- 
meter may  be  had  with  sufficient  accuracy,  by  taking  proper. 
tional  parts,  by  means  of  the  third  colutim  of  differences  of  the 
equation.  See  Phil. Trans.  Ixjv.  art.  30. ;  also  Dr.  Maskel jne's 
Paper,  vol.  Ixiv.  art.  20. 

Sir  George  Shuckburgh  also  has  given  the  following  general 
table  for  the  use  of  artists  in  coustnictiitg  the  thermometer,  botl^ 
Recording  to  his  own  observations  and  those  of  M.  de  Luc. 


HL-ighiofilie 

CorreLloflhe 

Difference 

ZojncX.  accofil.  iijn 

boiling  jHiint 

2G-0 

-  1-i)9 

■91 

■yi 

■90 
■89 

■89 
•87 

•87 
■95 
-35 
■84 

-  6  83        ■ 

90 
89 
88 
87 
8G 
83 
82 
SO 
79 

26-5 

-G-lS 

-  5-93 

27-0 

-5-27 

-  5-04 

27-5 

-  4-37 

-   4^I6 

28-0 

^  3-4.S 

-  3-31 

28-5 

-  2-59 

-  2^45 

29  0 

—  1-72 

-  \-62 

29-5 
30-0 

-  0-85 
000 

-  0-80 
0-00 

30-5 

-1-0-85 

+  0-79 

3  in 

+  1-69 

+  1-57 

' 
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The  Royal  Society,  fully  apprised  of  the  importance  of  ad- 
justing  the  fixed  points  of  thermometers,  apppinted  a  committee 
ot  seven  gentlemen  to  consider  of  the  best  method  for  this  pur- 
pose; and  their  report  is  published  in  the  Phil.  Trans,  vol.  Ixvii. 
part.  ii.  art.  37. 

They  observed,  that  though  the  boiling  point  be  placed* 
much  higher  on  some  of  the  thermometers  now  made  than  on 
others,  yet  this  does  npt  produce  any  considerable  error  in  the 
observations  of  the  Weather^  at  least  in  this  climate;  for  an 
error  of  1^^  in  the  position  of  the  boiling  point  will  make  an 
error  only  of  half  a  degree  in  the  position  of  92%  and  of  not 
mor^  than  a  quarter  of  a  degree  iii|  the  point  of  62°.  It  is  only 
in  nice  experiments,  or  in  tryhig  the  beat  of  hot  liquors,  that  this 
error  in  the  boiling  point  can  be  of  much  importance. 

In  adjusting  th6  freezing  as  well  as  the'  boiling  point,  the- 
(|uicksilver  in  the  tube  ought  to  be  kept  of  the  same  heat  as  that 
in  the  ball.  When  the  freezing  point  is  placed  at  a  considerable 
distance  from  the  ball,  the  pounded  ice  should  be  piled  to  such 
a  height  above  the  ball,  that  the  error  which  can  arise  from  the 
quicksilver  in  the  remaining  part  of  the  tube,  not  being  heated 
equally  with  that  in  the  ball,  shall  be  very  small,  or  the  observed- 
point  must  be  corrected  on^that  account  according  to  the  foi- 
Jpwing  table ; 


Heat  of  the  Air. 

Correction. 

42" 

•00087 

52 

•00174 

62 

•00261 

72 

•00348 

82 

•00435 

The  correction  in  this  table  is  expressed  in  lOOQth  parts  of  the 
distance  between  the  freezing  point  and  the  surface  of  the  ice : 
e.  g.  if  the  freezing  point  stands  seven  inches  above  the  surface 
of  the  ice,  and  the  heat  of  the  room  is  62,  the  point  of  32^  should 
l>e  placed  7  x  •00261,  or  'OlS  of  an  inch  lower  than  the  ob- 
served point.     A  diagonal  scale  will  facilitate  this  correction. 

The  committee  observe,  that  in  ti7ing  the  heat  of  liquorsj 
care  should  be  taken  that  the  quicksilver  in  the  tube  of  the 
thermometer  be  heated  to  the  same  degree  as  that  in  the  ball ; 
or  if  this  cannot  be  done  conveniently,  the  observed  heat  should 
be  corrected  on  that  account ;  for  the  manner  of  doing  which> 
and  a  table  calculated  for  thiji  purpose,  we  must  refer  to  theii; 
excellent  report  in  Phil,  Trans,  vol.  IxviL  part  ii.  art  37. 
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With  regard  to  the  choice  of  tubes,  tbe^  ought  to  be  exactly 
cylindrictl.  But  though  the  diameter  should  vary  a  little,,  it  is 
«a«y  to  manage  that  matter  in  the  teanner  proposed  by  the 
AbM  NoUet,f>y  making  a  small  portion  of  the  quicksilver,  e.g. 
as  much  as  fills  up  an  inch  or  half  an  inch,  slide  backward  and 
forward  in  the  tube ;  and  thus  to  find  the  proportions  of  all  its 
inequalities,  and  from  thence  to  adjust  the  divisions  to  a  scale  of 
the  mosjt  perfect  equality.  The  capillary  tubes  are  preferable 
to  others,  because  they  require  smaller  bulbs,  and  they  are  idso 
more  sensible,  and  less  brittle.  The  most  convenient  size  ft>r 
common  experiments  has  the  internal  diameter  about  the  40th 
or  50th  of  an  inch,  about  9  inches  long,  and  made  of  thitt  glass, 
that  the  rise  and  fall  of  the  mercury  may  be  better  seen. 

It  is  commonly  observed  of  thermometers,  that  upon  equal 
augmentations  and  diminutions  of  heat  they  seldom  vary 
equally,  though  they  are  filled  with  the  same  liquor.  To  ac« 
crount  for  this  circumstance  it  should  be  recollected  that  the 
variation  of  a  theroiometer  is  directly  as  the  capacity  of  the 
ball,  and  inversely  as  the  base  of  the  stem.  Thus,  if  diere  be 
two  mercurial  thermometers,  for  example,  and  we  call  the  capa- 
cities of  the  balls  c  and  c,  and  the  bases  of  the  stems  B  and  bj 
the  variations  will  be  as  c  to  c  directly,  and  as  b  to  ^  inversely, 

or  as  -  to  ~  .  Consequently  the  variations  will  not  be  equal 
in  those  thermometers  unless  ~  =  7- :  and  this  cannot  be  ibe 

B  6 

case  unless  c  :  c  :  :  b  :  & ;  therefore,  to  render  the  variations  iu 
Uie  two  thermometers  equal,  the  capacities  of  their  balls  must 
be  to  each  other  as  the  bases  of  their  cylindrical  stems.  See, 
on  this  subject,  M.  Durand's  formula,  given  under  the  article 
Thermombter,  in  the  Pantologia. 

The  next  thing  to  be  considered,  is  of  what  number  of  de- 
grees or  divisions  the  scale  ought  to  consist,  and  from  what  point 
it  ought  to  commence.  As  die  number  of  the  divisions  of  the* 
scale  is  an  arbitrary  matter,  the  scales  which  have  been  em^ 
ployed  differ  much  from  one  another  in  this  circumstance. 
Fahrenheit  has  made  180  degrees  between  the  freezing  and 
boiling  water  point.  Amontons  nkade  73,  and  Sir  Isaac  Ne^i^ 
ton  only  34.  There  is,  however,  one  general  maxim^  which 
ought  to  be  observed :  That  such  an  arithmetical  number 
should  be  chosen  as  can  easily  be  divided  and  subdivided,  and 
that  the  number  of  divisions  should  be  so  greM  that  there  dujM 
seldom  be  occasion  for  fractions.  The  number  80  <^osen  by 
Reaumur  answers  extremely  well  in  this  respect,  because  it  cap 
be  divided  by  seve^  al  figures  without  leaving  a  remainder ;  but 
it  is  too  small  a  number :« the  consequence  of  which  is,  that  tb^ 
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jdegrees  are  placed  at  too  great  a  distance  froiq  one  another,  and 
fractions  must  therefore  be  often  employed.  We  think,  there* 
fore^  that  160  would  have  t}een  a  more  convenient  number. 
Fahrenheit's  number  1 80  is  large  enough ;  but  when  divided  its 
quotient  soon  l^ecomes  an  odd  number. 

As  to  the  point  at  which  the  $cale  ought  to  commence, 
various  opinions  have  been  entertained.  If  we  knew  the  be^ 
ginning  or  lowest  degree  of  hef^t,  ^U  philosophers  would  agree 
that  the  lowest  point  of. the  thermometer  ought  to  be  fixed 
there ;  but  we  know  neither  the  Idwest  nor  the  highest  degree 
of  heat ;  we  observe  only  the  intermediate  parts.  All  that  wia 
can  do,  then,  19  to  begin  it  af  some  invariable  ppint,  to  which 
thermometers  made  in  different  places  may  easily  be  adjusted. 
If  possible,  too,  it  ought  to  be  a  point  at  which  a  natural  well? 
known  body  receives  some  remarkable  change  from  the  effecta 
of  heat  or  cold.  Fahrenheit  began  his  acali^  at  the  point  a| 
which  snow  and  salt  congeal.  Rirwan  proposes  the  freezing 
point  of  mercury.  Sir  Isaac  Newton,  Hales,  and  Reaumor^f 
adopted  the  freezing  point  of  water.  The  objection  to  Fahren- 
heit's lowest  point  is,  that  it  commence^  at  an  artificial  cold 
never  known  in  nature,  and  to  which  we  cannot  refer  imr. 
feeiii^s,  for  it  is  what  few  can  ever  experience.  There  would 
be  several  great  advantages  gained,  we  allow,  by  adopting  the 
freezing  pouit  of  mercury.  It  is  the  lowest  degree  of  coidio 
which  mercury  can  be  applied  as  a  measure ;  and  it  would 
render  unnecessary  the  use  of  the  signs  plus  and  minus,  and  the 
extension  ot  the  scale  b^low  O.  But  we  object  to  it,  that  it  is 
iiot  a  point  well  known ;  for  few,  comparatively  speaking,  who 
pse  thermometers,  can  have  an  opportunity  of  seeing  mercury 
congealed.  As  to  the  other  advantage  to  be  gained  by  adopting 
the  freezing  poiut  of  mercury,  namely,  the  abolition  of  negative 
numbers,  we  do  not  think  it  would  counterbalance  the  advantage 
to-  be  enjoyed  by  using  a  well-known  point.  Besides,  it  may 
be  asked,  Is  there  not  a  propriety  in  using  negative  numbers  to 
espress  the  degree  of  cold,  which  is  a  negative  thing  ?  Heat  and 
cold  we  can  only  judge  of  by  our  feelings :  the  point  then  at 
^l^b  die  scale  should  commence  ought  to  be  a  point  Which 
€Ufi  form  to  us  a  standard  of  heat  and  cold ;  a  point  familiar  to 

from  being  one  of  the  most  remarkai>le  that  occurs  in  nature, 
tb^&relore  a  point  to  which  we  can  with  most  clearness  and 
praeiaiou  refer  iu  our  mind$  on  all  occasions.  This  is  the 
freemng  poont  of  water  clloaeu  by  Sir  Isaac  Newton,  which  of 
ull  the  general  changes  produtod  in  nature  by  cold  is  the  most 
nebwrieable.  It,  or  rather,  the  «ielting  point  of  ice)  which  does 
nol  Tsry  mth  change  of  almospheric  pressuie,  is  therefore  the 
most  convenient  point  for  the  thermometers  to  be  used  in  the 
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temperate  and  frigid  zones,  or  we  may  say  over  tlie  globe,  fotj 
even  in  the  hottcbt  countries  of  the  torrid  zone  many  of  tlio 
xnountaius  are  perpetually  covered  with  snow.. 

Having  now  explained  the  principles  of  the  thermometer  as 
fully  as  appears  necessary  in  order  to  make  it  properly  uudei^i 
stood,  we  will  here  subjoin  an  account  of  those  thermometers 
which  are  at  present  in  most  general  use.  Xliese  are  Fahrenr- 
lieit's,  De  I'lsle's,  Reaumur's,  and  Celsius's.  Fahrenbeit'ei* 
is  used  in  B^tain,  De  Tlsle's  in  Russia,  Reauinur^S  in  Franc«^ 
and  Celsius's  in  Sweden,  They  are  ^  mercurial  thermo? 
meters. 

Fahrenheit's  thermometer  consists  of  a  slender  cylindrical 
tube  and  a  smaU  longitudinal  bulb.  To  the  side  of  the  tube 
is  annexed  a  scale  which  Fahrenheit  divided  into  600  part^^ 
bfginning  with  that  of  the  severe  cold  which  he  had  observed 
lA  Iceland  in  1709»  or  that  produced  by  surrounding  the  bulb 
of  die  thermometer  with  a  mixture  of  snow  or  beaten  ice 
i^nd  sal  ammoniac  or  sea  salt.  This  he  apprehended  to  be  thif 
greatest  degree  of  cold,  and  accordingly  he  marked  ity  as  die 
beginning  of  his  scale,  with  0 ;  the  point  at  which  mercury.  Jher 
gins  to  boil,  he  conceived  to  show  the  greatest  degree  of  heat^ 
and  this  he  mad^  the  limit  of  his  scale.  The  distance  between 
these  two  points  he  divided  into  600  eq^al  parts  or  degree?; 
and  by  trials,  he  found  that  the  mercury  stood  at  32  of  these  di<r 
visions ;  when  water  just  begins  to  freeze,  or  snow  or  ice  just 
begins  to  thaw ;  it  was  therefore  called  the  degree  of  the  freez- 
ing point.  When  the  tube  was  immersed  in  boiling  water,  the 
mercury  rose  to  212,  which  therefore  is  the  boiling  point,  and. 
is  just  180  degrees  above  the  former  or  freezing  point.  But  the 
present  method  of  making  die  scale  of  these  thermometers, 
which  is  the  sort  in  most  common  use,  is  first  to  immerge  the 
bulb  of  the  thermometer  in  ice  or  snow  just  beginning  to  thaw,, 
and  mark  the  place  where  the  mercury  stands,  with  v32 ;  then 
immerge  it  in  boiling  water,  and  again  mark  the  place  where 
the  mercury  stands  in  the  tube,  with  the  num.  212,  exceeding, 
the  former  by  180  ;  dividing  therefore  die  intermediate  space  iqtQ 
180  equal  parts,  will  give  the  scale  of  the  thermometer;  which 
may  afterwards  be  continued  upws^rds  and  downwards  at  pleasure. 

Other  thermometers  of  a  similar  construction  have  been 
accommodated  to  common  use,  having  but  a  portion  of  the 
above  scale.  They  have  been  made  of  a, small  size  and  portar: 
ble  form,  and  adapted  with  appendages  to  particular  purposes.; 
and  die  tube  with  its  annexed  scale  has  oftei^  been  eqclosed  in 
anotber  thicker  glass  tube,  also,  hermetically  sealed,  to. preserve, 
the  thermometer  frpm  injury.  And  all  these  are  called  Fahren-^ 
hciCb  thermometers. 
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1\\  173^3,  M.  De  rislfe  of  Petersbiirg^li  constructed  a  merctt- 
tial  thermometer  oii  the  principles  of  Reaumur's  s'pnit  thermo- 
hieter.  In  his  thermometer,  the  whole  bulk  of  quicksilver, 
i?*'hen  immerged  in  boiling  water,  is  conceived  to  be  divided  into 
100,000  parts  ;  and  from  this  one  fixed  point  the  various  de-^ 
grees  of  heat,  either  above  or  below  it,  are  marked  in  thesef ' 
parts  on  the  tube -or  scale,  by  the  various  expansion  or  contract 
tion  of  the  quicksilver,  in  all  imaginable  varieties  of  heat.— Dr. 
Martine  appreliehds  it  would  have  been  better  if  De  I'Isle  had 
made  the  niteger  100,000  parts,  or  fixed  point/  at  freezing  wa- 
ter, and  from  thence  computed  the  dilatations  or  condensations 
*>f  the  quicksilver  in  those  parts ;  as  all  the  common  observa- 
tions of  the  weather,  &c»  would  have  been  expressed  by  nunt- 
ters  increasing  as  the  heat  increased,  instead  of  decreasing,  cfr 
coimting  the  contrary  way.  However,  in  practice  it  will  bot 
be  very  easy  to  determine  exactly  all  the  divisions  from  the  alteraT- 
tion  of  the  bulk  of  the  contained  fluid.  And  besides,  as  glass 
itself  is  dilated  by  heat,  though  in  a  less  proportion  than  quick- 
silver, it  is  only  the  excess  of  the  dilatation  of  the  contained 
fluid  above  that  of  the  glass  that  is  observed  ;  and  therefore  if 
difi^erent  kinds  of  glass  be  diff^erently  affected  by  a  given  degree 
of  heat,  this  will  make  a  seeming  difference  in  the  dilatations  ciif 
the  quicksilver  in  the  thermometers  constracted  in  the  New- 
tonian method,  either  by  Reaumur's  rule  or  De  Tlsle's.  Accord- 
ingly it  has  been  found,  that  the  quicksilver  in  De  Tlsle's 
thermometers  has  stood  at  diff'erent  degrees  of  the  scale  when 
immerged  in  (hawing  snow :  having  stood  in  soiiie  at  154% 
\fhile  in  others  it  has  been  at  156°  or  even  158°. 

The  thermometer  at  present  used  in  France  is  called  Reau*- 
mur^s ;  but  it  is  very  different  from  the  one  originally  invented 
by  Reaumur  in  1730,  and  described  in  the  Memoirs  of  the 
Academy  of  Sciences.  The  one  invented  by  Reaumur  was 
filled  with  spirit  of  wine  ;  and  though  its  scale  was  divided  by 
the  author  into  80  parts;  of  which  0  was  the  freezing  point,  and 
80  the  boiling  water-point,  y^t  in  fact  80  was  only  the  boiling 
point  of  the  spirit  of  wine  that  he  employed,  which,  as  Dn 
Martine  computes,  corresponded  with  180  of  Fahrenheit.  But 
the  thermometer  now  in  use  in  France  is"  filled  with  mercury ; 
and  the  boiling  water  point,  which  is  at  80,  corresponds  with 
tfie  212th  degree  of  Fahrenheit.  The  scale  indeed  commences 
at  the  fi-eezing  point,  as  the  old  one  did.  The  new  thermo- 
tti^ter  ought  more  properly  to  be  called  De  Luc's  thennometer^ 
ibr  it  was  first  made  by  De  Luc ;  and  is  in  fact  as  different 
from  Reaumur's  as  it  itf  from  Sir  Isaac  Newton's.  When  De 
Luc  had  fixed  the  scale,  and  finishied  an  account  of  it,  be  shewed 
theiiianuscript  to  M<  De  la  Condamine.      Condamine  advis^Kl 


462  MACHINES. 

bifki  to  change  the  number  80;  remarking,  that  Such  was  the 
inatteation  of  philosophers,  that  they  would  probably  codfouiid 
it  with  Reaumur's.  De  Luc's  modesty,  as  welt  as  a  predilection 
for  the  number  80,  founded,  as  he  thought,  on  philosophical 
reasons,  made  him  decline  following  this  advice.  But  be  found 
by  experience  that  the  prediction  of  Condamine  was  too  well 
founded.. 

The  thermometer  of  Celsius,  which  is  used  in  Sweden^  has^ 
iftcale  of  100  decrees  from  the  freezing  to  the  boiling  wat^r 
point.     This  is,  m  fact,  the  centigrade  thermometer. 

These  are  the  principal  thermometers  now  used  in  Europe; 
and  the  temperatures  indicated  by  any  of  them  may  be  reduced 
into  the  corresponding  degrees  on  any  of  the  others  by  means 
.of  tfie  following  simple  theorems;  in  whicli  r  signifies  the  de- 

Srees  on  the  scale  of  Reaumur,  f  those  of  Fahrenheit,  and  s 
lose  of  the  Swedish  thermometer. 

1.  To  convert  the  d^rreesofReaumur  into  tbose  of  Fahrenheit  $ 

2.  To  convert  the  degrees  of  Fahrenheit  into  those  of  Reauinur; 
8.  To  convert  the  Swedish  degrees  into  those  of  Fahrenheit;. 

5 

4.  To  convert  Fahrenheit's  into  Swedish ;  ^^^—^ =  s* 

5.  To  convert  Swedish  degreies  into  those  of  Reaumur; 

«X4     ^ 

— =R. 

6.  To  convert  Reaumur's  degrees  into  Swedish;— j—ars. 

To  such  readers  as  are  unacquainted  with  the  algebraic 
expression  of  arithmetical  formulas,  it  will  be  sufficient  to  ex-* 
press  one  or  two  of  these  in  words  to  explain  their  use.*^-I. 
Multiply  the  degree  of  Reaumur  by  9,  divide  the  product  by  4^ 
#nd  to  dbe  quotient  add  32,  the  sum  expresses  the  degree  on  the 
scale  of  Fahrenheit. — 2.  From  the  degree  of  Fahrenheit  sub- 
tract 32,  multiply  the  remamder  by  4,  and  divide  the  product  by 
9f  the  quotient  is  the  degree  according  to  the  scale  of  Reaumufi 
&c. 

As  in  meteorological  observations  it  is  necessary  to  attend 
to  llie  greatest  rise  and  fall  of  the  thermometer,  attempts  havci 
been  made  to  construct  a  thermometer  which  might  regi^t^r 
the  greatest  degree  of  heat,  or  greatest  degree  of  cold;  whicb 
took  place  during  the  absence  of  the  observer* 


+  32=F. 


Thermometers.  469 

-■  In  17S2>  Mr.  Si^t  proposed  a  self-registering  thermometer. 
It  is  properly  a  spirit-of-win^  thermometer,  though  mercury  it 
mlsoemployed  for  supporting  an  index.  a&(fig.  10.  pl»XXXVII.) 
il».  a  tbi9  tube  of  giai^s  16  inches  long,  and  5-16ths  of  an  inch 
caliber :  <^  and  fgh  are  smaller  tubes,  about  l-20th  of  an  inch 
caliber.  These  three  tubes  are  filled  with  highly  rectified  spirit 
4>f  wine,  except  the  space  between  d  and  g,  which  is  filled  with 
mercury.  As  the  spirit  of  wine  contracts  or  expands  in  the 
middle  tube,  the  mercury  falls  or  rises  in  the  outside  tubes.  An 
.index,  made  of  thin  wire  with  a  knob,  is  placed  on  the  surface^ 
within  each  of  these  tubes,  so  light  as  to  float  upon  it.  A  is  a 
amall  gUss  tube  5-iths  of  an  inch  long^  hermetically  sealed  at 
each  end,  and  inclosing  a  piece  of  steel  wire  nciarly  of  its  own 
length.  At  each  end  I,  m,  of  this  small  tube,  a  short  tube  of 
black  glass  is  fixed,  of  such  a  diameter  as  to  pass  freely  up  and 
down  within  either  of  the  outside  tubes  of  the  thermometer  ce 
or  J7i,  From  the  upper  end  of  the  index  is  drawn  a  spring  of 
^lass  to  the  fineness  of  a  hair,  and  about  5>7ths  of  an  inch  long; 
which  being  placed  a  little  oblique,  presses  lightly  against  the 
inner  surface  of  the  tube,  and  prevents  the  index  from  descend- 
ing when  the  mercury  descends.  These  indexes  being  inserted 
one  into  each  other  of  the  outside  tubes,  it  is  easy  to  undersland 
how  they  point  out  the  greatest  heat  or  cold  that  has  happened 
in  the  observer's  absence.  When  the  spirit  of  wine  in  the 
middle  tube  expands,  it  presses  down  the  mercury  in  the  tube 
hf,  and  consequently  raises  it  in  the  tube  ec ;  consequently  the 
index  on  the  left  hand  tube  is  left  behind  and  marks  the  greatest 
cold,  and  the  index  in  the  right  hand  tube  rises  and  marks  the 
greatest  heat. 

Jn  1790  a  paper  was  presented  to  the  Royal  Society  of  Edin- 
burgh, describing  two  thermometers,  newly  invented,  by  Dr. 
John  Rutherford  of  Middle  Balilish  ;  the  one  for  registering  the 
highest  and  the  other  for  registering  the  lowest  degree  of  heat 
to  which  the  thermometer  has  risen  or  fallen  during  the  absence 
of  the  observer.  An  account  of  them  may  be  found  in  the 
third  volume  of  the  Transactions  of  the  Society. 

A  new  self-registering  thermometer  has  more  lately  been 
invented  by  Mr.  Keith  of  Ravelstone,  which  we  consider  as  the 
most  ingenious,  simple,  and  perfect,  of  any  which  has  hitherto 
appeared.  Its  simplicity  is  so  great,  that  it  requires  only  a  very 
snort  description  to  make  it  intelligible.  It  is  constituted,  first, 
of  a  thin  glass  tube  about  fourteen  inches  long,  and  3-4ths  of 
an.  inch  caliber,  close  or  hermetically  sealed  at  top.  To  the 
lower  end,  which  b  open,  there  is  joined  a  crooked  glass  tube 
seve^  inches  long,  and  4-lOths  of  an  inch  caliber,  and  open  at 
its  top,  which,  of  course,  is  level  with  the  middle  of  die  first 
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tube.  The  former  tube  is  filled  ^ith  the  stfotiiesi  kpini  of 
^ine,  and  the  latter  tube  with  mercur}*.  This  is  property  a 
spirit-of-wine  thermometer,  and  the  mercury  is  used  merely^  t6 
support  a  piece  of  ivory  or  glass,  to  which  is  affixed  a  wire  for 
raising  one  index  or  depressing  another,  according  as  the  mer- 
cury rises  or  falls*  There  is  a  small  conical  piece  of  ivory  or 
^lass,  of  such  a  weight  as  to  float  on  the  surface  of  the  mer^ 
cury.  To  the  float  is  joined  d  \vire  chilled  the  float-wire y  which 
reaches  upwards,  where  it  terminates  in  a  knee  betit  at  tight  an^ 
•gles.  The  float*-wire,  by  means  of  an  eye  at  its  extremity, 
moves  easily  along  a  ^mall  vertical  harpsichord  wire.  Tberfe 
*are  two  indexes  made  of  thin  black  oiled  silk,  which  slide  up^ 
wards  or  downwards  with  a  force  not  more  tlian  two  grains. 
The  One  placed  albove  the  knee  points  out  the  greatest  rise,  and 
the  one  placed  below  it  points  out  the  greatest  fall,  of  the 
thermometer. 

When  the  instrument  is  to  be  prepared  for  an  observation, 
both  indexes  are  to  be  brought  close  to  the  knee.  It  is  evident^ 
that  when  the  mercury  rises,  the  float  and  float-wire,  which 
can  be  moved  with  the  smallest  force,  will  be  poshed  upwards 
till  the  mercury  becomes  stationary.  As  the  knee  of  the  float- 
wire  moves  upwards  it  will  carry  aloug  with  it  the  upper  inde)c.- 
When  the  mercuiy  again  subsided,  it  leaves  the  index  at  the 
highest  point  to  which  it  was  raised,  for  it  will  not  descend  by 
its  own  weight :  as  the  mercury  falls,  the  float- wire  does  the 
same;  it  therefore  brings  along  with  it  the  lower  index,  and 
continues  to  depress  it  till  it  again  becomes  stationary  or 
ascends  in  the  tube ;  in  which  case  it  leaves  the  lower  index 
behind  it  as  it  had  formerly  left  the  upper.  The  scale  to  which 
the  indexes  point  is  placed  parallel  to  the  slender  harpsichord 
wire.  That  the  scale  and  indexes  may  not  be  ir^ured  by  the 
wind  and  rain,  a  cylindrical  glass  cover,  close  at  top,  and  made 
so  as  exactly  to  fit,  is  placed  over  it. 

The  ingenious  inventor  has  another  improvement,-  which,  if 
upon  trial  it  be  found  to  answer,  will  make  this  thermometer  as 
perfect  as  can  be  desired,  provided  there  do  not  arise  some 
errors  from  the  variable  pressure  of  the  atmosphere.  He 
proposes  to  adapt  clock-work  to  this  thermometer,  in  sueh  a 
way  as  to  register  with  the  utmost  precision  the  degrees  of  heat 
tind  cold  for  every  month,  day,  and  minute,  in  the  year.  An 
account  of  this  latter  improvement  may  be  seen  in  Nicholson's 
Journal,  vol.  iii.  4to.  series,  or  Edin.  Transac.  vol.  iv. 

The  common  contrivance  for  a  self-registering  thermometer, 
now  sold  in  most  of  the  London  shops,  consists  simply  of  two 
thermometers,  one  mercurial  and  tlie  other  of  alcohol  (fig.  4. 
pi.  XXXL)  having  their  stems  horizontal:  the  former  has  for 
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its  index  a  small  hit  of  magnetical  steel  wire^  and  tbe  latter  a! 
minute  thread  of  glass^  having  its  two  ends  formed  into  small 
knobs  by  fusion  in  the  flame  of  a  candle. 

The  magnetical  bit  of  wire  lies  in  the  vacant  space, of  the 
mercurial  thermometer^  and  is  pushed  forward  by  the  mercury 
whenever  the  temperature  rises,  and  pushes  that  fluid  against  it : 
but  when  the  temperature  falls  and  the  fluid  retires,  this  index 
is  left  behind,  and  consequently  shews  the  miaximum.  Tbe 
other  index,  or  bit  of  glass,  lies  in  the  tube  of  the  spirit  thermo- 
meter immersed  in  the  alcohol,  and  when  the  spirit  retires  by 
depression  of  temperature,  the  index  is  carried  along  with  it  in 
apparent  contact  with  its  interior  surface  :  but  on  increase  of 
temperature  the  spirit  goes  forward  and  leaves  the  index,  which 
therefore  shews  the  minimum  of  temperature  since  it  was  set. 
As  these  indexes  merely  lie  in  the  tubes,  their  resistance  to 
motion  is  altogether  inconsiderable.  The  steel  index  is  brought 
to  the  mercury  by  applying  a  magnet  on  the  outside  of  the 
tube,  and  the  other  is  duly  placed  at  the  end  of  the  colunm  of 
alcohol  by  inclining  the  whole  instrument. 

Mr.  Nicholson  explains  the  operation  of  this  instrument  thus : 
"  When  the  surface  of  the  column  of  spirit  is  viewed  by  a 
magnifier,  it  is  seen  to  have  the  form  of  a  concave  hemisphere, 
which  shews  that  the  liquid  is  attracted  by  the  glass.  The 
glass  in  that  place  is  consequently  attracted  in  the  opposite 
direction  by  a  force  equal  to  that  which  is  so  employed  in  main- 
taining that  concave  figure ;  and  if  it  were  at  liberty  to  move,  it 
would  be  drawn  back  till  the  flat  surface  was  restored.  Let  us 
suppose  a  small  stick  or  piece  of  glass  to  be  loose  within  the 
tube,  and  to  protrude  into  the  vacant  space  beyond  the  surface 
of  the  alcohol. ,  The  fluid  will  be  attracted  also  by  this  glass, 
and  form  a  concave  between  its  surface  and  that  of  the  bore  of 
tbe  tube.  But  the  small  interior  piece  being  quite  at  liberty  to 
move,  will  be  drawn  towards  the  spirit  so  long  as  the  attractive 
force  possesses  any  activity ;  that  is,  so  long  as  any  additional 
fluid  hangs  round  the  glass ;  or,  in  other  words^  until  the  end 
of  the  stick  of  .glass  is  even  with  the  surface.  Whencje  it  is 
•een  that  the  small  piece  of  glass  will  be  resisted,  in  any  actioa 
that  may  tend  to  protrude  it  beyond  the  surface  of  the  fluid ; 
and  if  this  resistance  be  greater  than  the  force  required  to  slide 
it  along  in  the  tube  (as  in  fact  it  is),  the  piece  mustbeslided 
along  as  the  alcohol  contracts ;  so  as  always  to  keep  the  piece 
within  the  fluid.  And  this  fact  is  accordingly  observed  to  take 
place."     (Nich.  Jour.  N.S.N*  47.) 

Mr.  Professor  Leslie,  well  known  for  his  ingenious  "  Expe* 
rimental  Enquiry  into  the  Nature  and  Propagation x)f  Heat,'' 
and  other  works  of  science,  has  invented  a  Differential  Thermo* 
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meter  for  the  measurement  of  minute  variations  of  temperature. 
It  consists  of  two  tubes^  each  terminating  in  a  small  bulb  of  the 
same  dimensions,  joined  by  the  blow-pipe,  and  bent  in  the  form 
of  a  u,  a  small  portion  of  dark  coloured  liquor  having  previously 
been  introduced  into  one  o£  the  balls.  After  many  trials,  the 
fluid  best  adapted  to  the  purpose  was  found  to  be  a  solution 
of  carmine  in  concentrated  sulphuric  acid.  By  managing  the 
included  air  with  the  heat  of  the  hand,  this  red  liquor  is  made 
to  stand  at  the  required  point  of  the  opposite  tube.  This 
is  the  zero  of  a  scale  fastened  to  that  tube,  and  divided  into 
equal  parts  above  and  below  that  point.  The  instrument  is 
then  fixed  on  a  stand,  it  is  manifest  that  when  the  liquor 
is  at  rest,  or  points  at  zero,  the  column  is  pressed  in  oppo- 
ftite  directions  by  two  portions  of  air  equal  in  elasticity^ 
and  containing  equal  quantities  of  caloric.  Whatever  heat, 
then,  may  be  applied  to  the  whole  instrument,  provided  both 
bulbs  receive  it  in  the  same  degree,  the  liquor  must  remain  at 
rest.  But  if  the  one  ball  receives  the  slightest  excess  of  tem« 
perature,  the  air  which  it  contains  will  be  proportionally  ex-^ 
panded,  and  will  push  the  liquid  against  the  air  in  the  other  bulb 
>¥ith  a  force,  varying  as  the  difference  between  the  temperatures 
of  those  two  portions  of  air:  thus  the  equilibrium  will  be 
destroyed,  and  the  fluid  will  rise  in  the  opposite  tube.  The 
degrees  of  the  scale  through  which  it  passes  will  mark  the 
successive  augmentations  in  the  temperature  of  the  ball,  which 
is  exposed  to  the  greatest  heat.  So  that  this  instrument  is  a 
balance  of  extreme  delicacy  for  comparing  the  temperatures  of 
its  two  scales. 

It  is  a  small  variation  from  this  thermometer  that  constitutes 
Mr.  Leslie's  Photometer.  Those  who  wish  to  learn  more  of  the 
nature  of  this  latter  mentioned  instrument,  may  consult  Mr. 
Leslie's  Treatise  on  Heat,  Nicholson's  Journal,  vol.  iii.  4to.  or 
some  acute  remarks  in  the  Edinburgh  Review,  No.  13. 

When  thermometers  are  devised  to  measure  very  great  degrees 
of  heat,  they  are  usually  called  by  another  name.     SeePYRO- 

The  thermometer  and  barometer  together  are  very  useful  in 
determining  the  altitudes  of  mountains,  &c.  according  to  the 
rules  delivered  in  our  first  volume,  book  v.  For  this  purpose 
they  are  fixed  in  such  a  frame  as  to  be  conveniently  porta- 
ble. (See  Barometer).  Other  portable  instruments  by  Mr. 
M^Guire  and  M.  Humbolt,  which  we  omitted  mentioning  in 
that  article,  are  described,  the  former  in  the  Transactions  of  the 
Royal  Irish  Academy  for  1787,  the  latter  in  Journal  de  Physique, 
an  7,  or  TWoch's  Philosophical  Magazine^  No.  15. 
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Supplement  to  the  article  Thermometer* 
Immediately  connected  with  the  construction  and  improve- 
ment of  thermometers  are  M.  Biot's  "  Researches  into  the  lazvs 
of  the  dilatations  of  liquids  at  all  temperatures ;"  of  which, 
therefore,  I  shall  present,  in  this  place,  a  translation  with  slight 
abridgment*. 

The  knowledge  of  the  laws  observed  in  the  dilatation  of  liquids 
is  necessary  in  an  infinity  of  chemical  and  physical  enquiries. 
We  require  the  dilatations  of  water,  in  order  to  reduce  the 
specific  gravities  observed  in  that  liquid  to  comparable  terms. 
We  require  those  of  alcohol  to  determine  its  density  at  different 
temperatures,  or  to  observe  the  thermometers  in  which  that  sub- 
stance is  employed.  Or,  if  we  would  attempt  theoretically  to 
compare  the  dilatability  of  different  liquids  respectively^  and 
to  connect  their  more  or  less  rapid  progress,  with  their* tend- 
ency more  or  less  near  to  ebullition  and  to  solidification,  we 
cannot  accomplish  it  generally,  or  obtain  any  precise  idead 
on  this  point,  without  expressing  the  dilatations  by  formulae 
which  shall  represent  them  at  all  temperatures,  and  at  the  sam6 
time  render  evident  the  particularities  of  each  of  the  liquids  it  is 
wished  to  examine. 

Such  is  the  object  M.  Biot  proposes  to  himself.  He  shows 
that  for  all  liquids  whose  dilatations  have  hitherto  been  observed, 
the  general  progress  of  each  respective  dilatation  may  be  repre- 
sented at  all  temperatures  by  an  expression  of  this  form  : 

^=at^bt'-+ct\ 

in  which  t  denotes  the  temperature  in  degrees  of  the  mercurial 
thermometer,  and  a,  b,  c,  constant  coefficients  which  depend  on 
the  nature  of  the  liquid.     He  here  supposes  that  ^  is  the  true 

dilatation  for  the  unit  of  voluniereckoqed  from  the  temperature 
of  thawing  ice;  but  it  is  easy  to  conclude,  hence,  that  the 
apparent  dilatation  follows  similar  laws:  for,  representing  this 

latter  by  ^t  and  denoting  by  k  the  cubic  dilatation  of  the  matter 
of  the  vessel  tbat  contains  the  observed  liquid  f,  we  have 

neglecting  here  the  square  of  the  co-eiiicieut  k,  which  is  almost 

^  The  paper  that  contains  these  researches  was  read  to  the  Society  of 
Arcueil,  August  8th,  1813.  It  is  printed  in  France;  but  the  wprk  in 
which  it  is  to  appear  had  not  been  published  in  March  1816.  I  have  to 
acknowledge  my  obligations  to  M.  Biot,  for  transmitting  these  investi- 
gations to  me,  through  the  medium  o£  M.  Hachette,  (Professor  of  ]W(a- 
thematics  in  the  Polytechnic  school,)  for  the  purpose  of  insertion  in  this 
work. 

t  M.  Biot  means  by  cubic  dilatation  the  triple  of  the  linear  dilatation. 
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always  allowable^  since  the  dilatation  of  solid  bodies  is  extremely 
small. 

Let  it  be  supposed  that  the  primitive  volume  of  the  liquid 
being  I  when  /=0*,  occupies  at  +^  degrees  a  number  of 
divisions  x  in  the  vessel  whose  cubic  dilatation  is  K.  This 
number  of  divisions  will  indicate  a  greater  capacity  than  when  t 
was  nothing*  It  will  answer  to  the  capacity  x  (l+K^+yK*^*) 
limiting  the  expression  to  the  square  of  K ;  and  as  by  supposition 
it  is  equal  to  l+Jj,  since  J^  is  the  true  dilatation  for  the  unit  of 
volume^  we  shall  have  the  equation 

x(l  +K/+|K*0  =  1  +»<;  which  gives 

1+1^  ^^-Kt-fK:«/« 

The  first  term  of  this  expression  is  the  primitive  volume  at 
()**;  the  second  is  the  apparent  dilatation  A^:  we   have,  there- 

fore, 

The  term  affected  by  ^k*  is  absolutely  insensible  in  the  most 
exact  observations  on  the  dilatations  of  liquids  made  with  glas9 
vessels,  between  the  temperatures  of—  15'and  +  ipo*  (centi- 

grade).   Neglecting  it,  therefore,  we  have  simply  ^^r, — r  j  ^ 

value  which,  by  neglecting  the  square  of  k  and  the  product  pi 
K  by^^,  reduces  to  A^=^j— K^,  as  we  have  assumed  above. 

Now,  to  establish  the  preceding  law,  and  determine  the  co- 
efficients a,  hj  c,  relatively  to  different  liquids,  M.  Biot  employed 
the  results  of  a  series  of  experiments,  made,  with  much  care, 
by  De  Luc*,  on  the  dilatation  of  nine  different  liquids  with 
which  he  had  constructed  thermometers,  regulating  them  from 
the  temperatures  of  melting  ice,  and  boiling  wateV;  marking  0* 
at  the  first  point,  80°  at  the  second,  and  dividing  the  interval 
into  80  equal  parts.  These  liquids  were,  1.  Mercury.  2.  Oil 
of  olives.  S.  Essential  oil  of  camomile.  4.  Essential  oil  of 
thyme.  5.  Water  saturated  with  muriat  of  soda.  6.  Alcohol^ 
highly  rectified.  7.  Alcohol  and  water  in  equal  parts.  8.  Alcohol 
one  part,  water  three.    9.  Water. 

*  Researches  on  the  Modifications  of  the  Atmosphere,  vol.  i. 
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Comparative  Indications  of  Nine  Thermometers  made^f 

different  liquids. 
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19-4 

9-4 

7'S 

20 

19-3 

18-9 

19-0 

17-3 

16-5 

15-3 

6-1 

4.1 

15 

14*4 

14-1 

14-2 

12-8 

12-2 

11-1 

3-4 

1-6 

10 

9-5 

9-3 

9-4 

8*4 

7-9 

7-1 

1-5 

0-3 

5 

47 

4-6 

4-7 

4-2 

3-9 

3*4 

1-0 

-0-4 

0 

0-0 

0-0 

0-0 

0-0 

0-0 

0-0 

0-0 

0.0 

—  5 
-10 

-4-1 

-3-9 

• 

-8-0 

-7-7 

y 

If  we  express  by  d^  the  number  of  degrees  indicated  by 

each  of  these  thermometers,  on  its  own  scale,  when  t  is  the 
number  indicated  by  the  mercurial  thermometer  divided  into 
80  parts,  all  the  experiments  of  De  Luc  may  be  represented 
by  the  general  formula 

d_.  =  at+bt*+ct'; 


A,  B 


,  c,  being  arbitrary  constant  quantities,  differing  in  the 
different  liquids:  and  of  which  the  absolute  values,  as  inferred 
by  M.  Biot,  from  De  Luc'b  experiments,  are  presented  in  the 
following  table. 
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Nature  of  tbe  liquids. 


Values  of  the  co-efficients. 


Mercury    -    - 
Oil  of  olives   - 
Ess.  oil  of  camom. 
Essent.  oil  of  thyme 
Water  satur.'  with  7 
muriat  of  soda  3 
Alcohol  highly  rect. 
1  Alcohol,  1  water 
1  Alcohol,  3  water 
Pure  water    -    - 


4- 1  -000000 
+0*950667 
+  0-920442 
+  0-949335 

+0-820006 

+0-784000 
+  0-705333 
+0-010333 
-0-160000 


B 


+0-0000000 
+00007500 
+000130.06 
—0-0001667 

+  0-0020275 

+  0-00^i0800 
+0-0027500 
+  0-0155277 
+  00185000 


+  O-OOOOOOOOO 
-OOOi:001667 
-000000^889 
+0-000010000 

+0-(r0O002775 

4-0-000007750 
+0-000tifl667 
-  0-()000S9444 
-OOOOOoOOOOl 


To  prove  the  correspondence  of  these  results  with  tbe  ob- 
servations,   M.  Biot  has  computed  the  values  of  d^  by  the 

formula  for  each  of  these  liquids  for  every  10"*,  and  compared 
them  witb  the  numbers  given  by  De  Luc's  observations. 

i.  Thus,  (computing  the  thermometer  of  oil  of  olives  from 
the  formula  ^  . 

d^=0*950667t+O'00O75t*— 0-000001667x3, 
we  h^ve  the  following  comparative  table. 


Kind 
of 

Degrees 
ofmer- 

Degree  of  thermometer,  Olive  oil.       | 

Excess 

liquid. 

curial 

Computed. 

Observed. 

of  ob- 

Thermo. 

{tervations. 

80 

80-00 

800 
69-4 

0-00 

70 

69-64 

—  0-24 

60 

59-37 

59-3 

-0-07 

Olive 
oil. 

50 

49-20 

49-2 

0-00 

40 

39-12 

39-£ 

+  0-08 

30 

29-15 

29-3 

+0-15 

20 

19'30 

19-3 

000 

10  • 

9-58 

9-5 

-0-08 

0 

000 

00 

000 

Here  the  greatest  variation  between  the  observation  and  the 
computation  is  less  than  one  fourth  of  a  degree;  and  nearly  all 
the  rest  are  exceedingly  minute^ 


Thermometer^  "^Biot  on  Dilatations.  47 1 

._  Mr.  De  Luc  put  the  oil  of  olive  thermometer  several  times  in 
a  refrigerating  mixture  which  caused  the  mercurial  thermometer 
to  descend  to  —  14** ;  and  he  relates  that  the  oil  thermometer 
remained  nearly  at  that  degree  so  long  as  the  oil  was  not  con- 
gealed. This  result  agrees  with  the  preceding  formula  ;  for  if 
we  suppose  T  =  —  14%  the  formula  gives  d    =  —  13^.21. 

But  when  the  oil  began  to  congeal,  the  olive  oil  thermometer 
fell,  all  at  once,  much  lower  than  the  mercurial  thermometer; 
the  oil,  indeed,  retired  entirely  within  the  ball.  It  will  be  seen  that 
it  was  the  congelation  which  produced  this  sudden  depression  : 
for,  when  it  has  taken  place,  if  the  temperature  be  raised,  the 
mercurial  thermometer  will  rise  immediately,  but  the  oil  ther- 
mometer will  remain  at  its  extreme  point  of  depression,  during 
an  interval  sometimes  considerable,  being,  without  doubt,  that 
which  the  oil  would  require  to  become  uncongealed.  But  having 
once  resumed  its  liquid  state,  it  will  soon  regain  its  relative  po- 
sition as  to  the  mercurial  thermometer,  and  manifest  its  accus- 
tomed progress.  DeLuc  supposed  that  it  was  the  privation  of 
air  which  enabled  the  oil  to  undergo,  without  congealing,  a 
degree  of  cold  which  would  have  caused  its  congelation  in  the 
open  air.  But  it  appears  from  the  experiments  of  Sir  Charles 
Blagden,  that  neither  the  exclusion  of  the  air,  nor  rest,  are 
absolutely  necessary  to  the  production  of  that  effect,  though 
they  may  contribute  to  it. 

We  may  learn  from  these  phenomena,  1.  That  oil  of  olives 
may,  in  certain  circumstances,  as  well  as  water,  be  depressed  to 
a  temperature  far  lower  than  its  ordinary  degree  of  congelation, 
without  ceasing  to  be  liquid.  2.  That  it  contracts  in  congeal- 
ing as  mercury  does,  which  is  evident  of  itself,  as  the  parts  con- 
gealed retire  to  the  bottom  of  the  vessel.  S-  That  down  to  the 
very  moment  in  which  it  becomes  solid,  it  retains  exactly  or 
very  nearly  the  same  law  of  dilatation :  this  appears  also  to  ob- 
tain with  respect  to  mercury,  as  we  conclude  from  the  discus- 
sion of  Mr.  Cavendish  relative  to  the  experiments  of  Hutchins 
at  Hudson's  Bay. 

Hence  we  see  that  olive^  oif  in  cooling  to  any  degree  what- 
ever, cannot,  like  water,  have  an  apparent  maximum  o(  cou' 
densation,  at  least  in  glass  tubes.  This,  also,  is  shewn  by  our 
formula :  for  this  maximum  would  answer  to  the  case  in  which 
we  should  have 

-:-  =  0;  which  gives 

T 

0  =  0-950667  +  00015T  -  0000005T*; 
an  equation  of  which  the  roots  are 

t'=  -  311^*1;  t"=+611**-1. 
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This  indicates  that  if  the  oil  could  remain  liquid  hi  the  thermo- 
meter at  these  temperatures,  and  if  it  continued  to  dilate  ac- 
cording to  the  same  law,  it  would  have  an  apparent  maximum 
oi  condensation  atSll***!  below  zero,  and  a  maximum  of  dila^ 
tation  at  61 1^*1  above  it.  But  these  limits  are  far  too  remote 
from  our  observations,  to  allow  of  our  safely  extending  to  them 
the  consequences  of  the  formula.  All  that  can  hence  be  con- 
cluded is,  that  olive  oil,  so  long  as  it  remains  liquid,  continues 
to  contract  by  cooling,  and  that  it  will  even  congeal  without 
expanding ;  which  is  conformable  to  the  observations* 

2.  For  the  essential  oil  ofcamomiley  the  theorem  is 

D    =  0-92044  16t  +  0-0013O56t*-O00O003889t^ 

T 

The  comparison  of  the  results  of  this  formula  with  observa- 
tions, gives  the  greatest  deviation  at  40" ;  but  even  there  it  is 
only  —0°  06  \  in  most  temperatures  below  30°  or  above  45**  it 
is  scarcely  perceptible.  So  that  practically  ihis  theorem  may 
be  considered  as  exact  as  observation  itself.  It  appears,  also, 
that  M/5oil  has  not  a  maximum  of  condensation ;  for  the  equa- 
tion of  such  maximum  is 

O  =  0-9204416  +  0-002612T  -  O'OOOOl  J667t% 
the  roots  of  which  are  t's=  -  189°.;  i"  zz  +  41 3o.     Both 
these  values  are  far  too  remote  from  our  experiments  to  be  re- 
garded as  applicable. 

3.  Proceeding  next  to  the  essential  oil  of  thyme,  we  have  the 
formula 

D^  z:  0-949336T  -  00001667T*  ^-O'OOOOl  T^ 

The  comparison  with  experiment  furnishes  a  very  satisfactory 
correspondence  :  from  60^  to  70'  the  differences  between  com- 
putation and  observation  are  nearly  a  quarter  of  a  degree ;  at 
most  other  temperatures  the  differences  are  imperceptible. 
Here,  again,  there  is  no  maximum  of  condensation :  for  the 
equation  which  \%ouIdgive  the  maximum  is 

0  =  0-949336  -  0-0Q03334T  +  000003t% 

the  two  roots  of  which  are  imaginary.  Tims,  this  oil,  like  the 
preceding,  may  become  congealed  \i  ithout  dilating. 

4.  For  water  saturated  uilh  niuriat  of  soda,  the  theorem  is 
D    =0-820006t  +  0  0020275 T*  + 0000002775 T^ 

The  correspondence  of  observations  Mith  this  theorem  is 
nearly  as  great  as  can  be  desired.  In  only  two  cases  between 
S0°  and  —  10**,  does  the  difference  exceed  a  tenth  of  a  degree ; 
and  in  the  majority  of  instances  the  difference  did  not  exceed 
0*0 1  of  a  degree.     The  temperature  was  carried  below  zero  by 
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means  of  freezing  mixtures.  This  solution,  again,  congeals 
without  dilating.     For  the  equation  of  the  maximum  is 

0  =  0-820006  +  0004055  T  +  0-000008325  T% 

of  which  the  two  roots  are  imaginary.  Thus  the  muriat  of 
soda,  on  combining  with  the  water  to  saturation^  loses  its  pro- 
perty of  dilating  before  it  becomes  solid.  It  would  be  interest- 
ing to  verify  this  result  by  experiment.  For,  although  it  seems 
here  founded  on  a  very  strong  analogy,  since  the  law  of  the 
dilatation  and  contraction  is  maintained  very  rigorously  down  to 
—  10°  Reaumur ;  yet  it  must  only  be  spoken  of  as  being  highly 
probable.  But  to  make  the  experiment  well,  it  will  be  requi- 
site that  the  thermometer  formed  of  the  solution  be  most  care- 
fully freed  from  air,  and  that  the  refrigeration  be  carried  on 
slowly,  in  order  that  the  solution  may  be  kept  fluid  even  a  little 
below  the  usual  degree  of  its  congelation. 

Sir  Charles  Blagden  has  made  an  observation  of  this  kind, 
which  is  related  in  his  interesting  memoir  on  '^  The  effect  of  va- 
rious substances  in  lowering  the  point  of  congelation  in  water  ^;" 
but  the  solution  which  he  employed  was  not  saturated  ;  it  con* 
tained  4*8  of  water  to  1  of  salt.  Consequently,  its  point  of  con- 
gelation ought  to  be  at  —  10°*37  according  to  the  law  which 
Sir  Charles  has  found.  This  solution  continued  to  contract  till 
it  was  cooled  to  -~  6^*67  ( n°  Fahr.),  but  had  sensibly  expanded 
by  the  time  it  was  cooled  to  —  T'55  (J  5°  Fahr.).  These  limits 
are  far  elevated  above  the  temperature  —  10**  to  which  De  Luc 
has  carried  the  saturated  solution  which  formed  his  thermometer, 
without  its  exhibiting  any  sign  which  announced  a  dilatation : 
consequently,  the  experiment  of  Blagden  cannot  invalidate  the 
law  which  we  have  found  for  the  saturated  solution  employed  by 
De  Luc.  It  would  be  very  natural  tHat  a  certain  proportion  of 
salt  would  deprive  the  water  of  its  property  of  dilating  before 
congelation,  and  that  a  less  proportion  would  not  produce  the 
^ame  effect.  This  is  precisely  what  obtains  in  mixtures  of 
water  and  alcohol^  as  vrill  soon  be  seen. 

5.  We  now  pass  to  highly  rectified  alcohol,  for  which  the 
formula  is 

D   =  0-784  T  +  000208T*  +  000000775  T^ 

T 

The  comparison  of  the  results  of  the  theorem  with  those  of  ex- 
periment, givfes  a  difference  of  0***16  at  the  temperature  of  10^. 
At  no  other  temperature  subjected  to  the  comparison  does  it 
amount  to  half  this,  and  in  nearly  half  the  cases  it  was  imper- 
ceptible.    Here,  again,  the  law  of  the  dilatation  does  not  indt- 

''  *  Phil.  Trans,  vol.  Ixxviii.    New  Abridgement,  vol.  xvi.  p.  47?^ 
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'Cate  any  retrogradationy  for  the  condition  of  the  maximum  of 
D    will  be 

T 

0=  0784  +  0-00416  T  +  9-00002325  T% 
the  two  roots  of  which  are  imaginary. 

The  value  of  d^  given  by  our  formula  will  be  very  conve- 
nient for  the  comparison  of  thermometers  of  alcohol  with  mer- 
curial thermometers.  It  will  be  seen  that  this  is  often  indis- 
pensable ;  for  there  is  much  difference  between  the  two  tber^, 
mometers^  when  they  are  both  regulated  to  the  terms  of  the 
freezing  and  boiling  points.  The  difference  becomes  less  when 
the  thermometer  of  alcohol  is  regulated  to  the  mercurial  one  at 
lower  temperatures.  If  we  put  t  =:  (t)  +  t',  and  determine 
(t)  in  such  manner  as  to  cause  the  square  of  t^  to  disappear  from 
D^,  we  shall  find  (x)  =  —  89'*'463  R ;  and  then  the  transformed 

value  of  D    will  become 

T 

D-  =  -  58^981  -f  1-3421 8 t'  -f  0-00000775 t''^ 

The  thermometer  of  alcohol  ^vill,  therefore,  mark  —  58®-981 
on  its  own  scale,  when  t'  will  be  nothing,  that  is^  when  th^ 
mercurial  thermometer  stands  at  89**«463  below  zero.  Pro- 
ceeding from  this  term  to  80**  either  above  or  below,  the  pro- 
gress of  the  two  thermometers  will  be  nearly  proportioiiial ;  for 
'  the  term  containing  x'^  which  alone  affects  the  exactness  of  the 
proportionality,  cannot  reach  4  degrees  in  the  extreme  case 
where  we  make  x'  =  ±  80*^.  Such  is,  therefore,  the  greatest 
correspondence  which  can  ever  exist  between  the  alcohol  and 
mercurial  thermometers,  supposed  indefinitely  prolonged  below 
zero. 

6.  Let  us  next  consider  the  mixtures  of  water  and  alcohoL 
And  first  when  the  proportion  of  water  is  small,  the  affinity  of 
alcohol  for  it  long  preserves  its  liquidity  and  opposes  its  retro- 
gradation.  This  is  proved  by  observation  upon  the  thermometer 
constituted  of  equal  parts  of  alcohol  and  water.  The  formula 
in  that  case  is 

D^  =  0-705333  X  -f-  0-00275  X*  +  000001 1667x3  : 

and  the  comparison  with  observations  proves  that  the  law  of  the 
dilatation  is  very  well  represented  by  this  formula.  The  pro- 
portion of  water  is  not  yet  sufficient  to  communicate  to  the  al- 
cohol its  retrograde  property :  for  the  equation  which  gives  the 
maximum  of  d„  is 

0  =  0-705333  +  0-0055  X  +  0*000035  x%* 

and  its  two  roots  are  imaginary. 

7.  But  CD  augmenting  the  water  the  influence  of  that  Mqiiid 


Thermometer.-^Biot  on  Dilataiions. 


475 


will  become  perceptible.  Thus,  taking  the  thermometer  made 
with  one  part  of  alcohol  and  three  of  water,  the  formula  be- 
comes 

D^  =  0-010333  T  +  0-0155277T*  -  O-0O0039444t^ 

Here  the  term  proportional  to  the  temperatures  is  almost  insen- 
sible ;  only  giving  O'^-S  at  the  temperature  of  80*.  This  is  oc- 
casioned by  the  influence  of  the  water;  for  in  pure  water  this 
term  is  negative,  as  will  soon  be  seen.  The  comparison  of  the 
experiments  with  computation  from  the  formula  is  as  follows. 


Nature 
of  the 
liquid. 

Degrees 

on 

Degrees  therm,  made  with  the  mixture. 

\MmX 

mercur. 
thermoni. 

Computed. 

Observed. 

Excess  of 
observ. 

Mixture 

•of 

1  part 

alcohol 

with 

3  parts 

water. 

■ 

80 

/70 

60 

50 
40 

30 

20 

10 

0 

8000 

6324 

47-99 

34-40 

22-72 

13-21 

6-10- 

1-61 

0-00 

80-0 

62-9 

47-7 

34-4 

23-0 

13-5 

6-1 

1-5 

00 

0-00 

-  0-34 

-  0-29 
0-00 

+  0-28 

+  0-29 

000 

-  Oil 
000 

Here  the  law  of  the  dilatation  is  very  different  from  that  which 
obtained  in  pure  alcohol,  and  the  difierence  of  the  two  thermo- 
meters is  also  much  more  considerable.  For,  ascertaining  the 
maximum  of  condensation^  we  have  the  equation 

0  =  0-010333  +  0-0310554T  -  0-000118333  t% 
.of  which  the  roots  are 


833,  t"  =  +  263^ 


The  first  alone  is  admissible ;  it  gives  a  maximum  of  conden- 
sation at  y  of  a  degree  of  Reaumur  below  zero.  Substituting 
this  value  of  t' in  the  equation  for  n^,  we  shall  find  d^=:  —0^-0017, 

that  is  to  say,  at  the  instant  of  this  maximum  of  condensation 
the  thermometer  o£  the  mixture  ought  to  be.  as  to  sense^  at 
0  on  its  own  scale.  This  maximum  is  indicated  by  the  slow 
dilatation  of  the  mixture,  which,  according  to  observation,  was 
only  0°*1  on  its  own  scale  when  the  mercurial  thermometer  was 
at  +  5^.  According  to  the  formula  it  should  then  have  been 
•at  4-  0'*«4 ;  the  error  is  of  the  order  of  those  which  may  be  ex* 
pected  from  the  deduction  of  the  formula  and  the  nature  of 
•observation. 
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8.  Lastly,  we  shall  proceed  to  examine  the  law  of  the  cBlata- 
tion  in  die  thermometer  made  of  distilled  water,  for  which  the 
theorem  is 

D    =s  -  0-16T+00185T*  -  O-OOOOt'* 

T 

Here  the  term  proportional  to  the  temperature  is  negative;  and 
among  the  liquids  which  we  have  examined,  water  is  the  only 
one  which  presents  that  peculiarity-  Hence  it  is  natural  to 
infer  that  its  dilatations  will  differ  much  from  those  of  mercury; 
and  this  i$  clearly  shewn  by  the  following  table. 


Nature 
of  the' 
liquid. 

Degrees 

of 

mercur. 

thermom. 

Degrees  of  water  thermom. 

Computed. 

Observed. 

Excess 
of  observa. 

Distilled 
water. 

1 

80 
70 
60 
50 
40 
SO 
20 
10 
5 
0 

80-0 

62-3 

46-2 

320 

20  0 

10-5 

3-8 

0-2 

-0-343 

0-0 

800 

62-6 

45-8 

32-0 

20-5 

11-2 

4-1 

0-2 

-  0-4 

0-0 

0-0 
-0-3 
—  0-4 

0-0 
+  0-5 
+  0-7 
+  0-3 

0-0 
^  0057 

O'O 

This  thermometer  is  certainly  the  most  irregular  of  all ;  a 
circumstance  peculiar  to  water,  as  De  Luc  has  frequently  re- 
marked in  his  work.  Yet  we  see  that  the  observations  oscSlate 
about  the  formula  within  very  narrow  limits  ;  the  discrepances 
being,  indeed,  such  as  are  fairly  attributable  to  the  obser- 
vations. 

Here  we  have  a  maximum  of  condensation,  the  equation  which 
determines  it  being 

0  =  -  016  +  0-037T  —  0-00015t% 

whose  roots  are  x'  =  +  4°  -402  and  t''  =  +  25  P« 

The  first  is  that  which  renders  d    a  minimum,  and  which  con- 

sequently  indicates  a  maximum  of  condensation.  De  Luc  says 
that  this  maximum  appeared  to  him  to  answer  nearly  to  ^e 
temperature  of  +  4^,  which  differs  very  little  from  the  compu- 
tation. He  remarks,  also,  that  at  the  moment  of  this  pheno- 
menon, the  thermometer  of  water  .stood  at  about  ^  a  degree 
below  zero  on  its  own  scale.     Our  formula  gives  —  ©"•^IS. 
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Let  it  be  remarked  that  this  maximum  is  only  apparent^  and 
that  it  must  receive  a  correction  to,  exhibit  the  real  maximum. 
Let  it  be  recollected^  farther,  that  we  here  employ  distilled 
M'ater,  free  from  air,  and  that  common  water,  which  contains 
air,  probably  dilates  according  to  rather  different  proportions. 

9.  M.  Bioty  previously  to  deducing  from  these  results  the 
true  and  absolute  dilatations  of  the  liquids  observed  by  De  Luc, 
remarks  that  the  thermometrical  observations  on  which  the  pre- 
ceding deductions  are  founded  may  not  perhaps  be  exempt  from 
slight  inaccuracies.  In  M.  De  Luc's  work  he  treats  much  at 
large  on  the  construction  of  the  thermometer,  and  speaks  only 
of  the  care  which  should  be  taken  in  immersing  at  once  the  ball 
and  the  liquid  column  in  the  temperature  which  he  would  com- 
municate to  it.  The  same  thing  should  be  regarded  in  observ- 
ing the  intermediate  temperatures  between  the  fixed  points. 
If  these  precautions  have  been  neglected  by  De  Luc,  which,  in 
truth,  is  scarcely  probable,  all  the  numbers  observed  by  that 
philosopher  will  be  affected  by  a  small  error,  equal  to  the  dila- 
tation of  the  portion  of  liquid  contained  in  the  tube  of  his  ther- 
mometers at  each  of  the  temperatures  observed.  Hence  it 
would  be  interesting  to  have  these  results  confirmed,  by  a  repe- 
tition of  the  experiments. 

10.  Let  us  now  proceed  to  deduce  the  true  and  absolute 
dilatations  :  vi'hich  is  very  easy.  To  fix  and  graduate  the  ther- 
mometers De  Luc  put  them  successively  in  tlie  temperatures  of 
melting  ice  and  boiling  water ;  marking  in  each  case  the  upper 
e:|tremity  of  the  liquid  column,  and  dividing  the  interval  into  SO 
equal  parts.  Consequently,  the  absolute  and  apparent  dilata- 
tion of  the  liquid  employed  being  represented  together  by  d, 
that  dilatation  will  determine  the  extent  of  SO"*;  and  thence, 
knowing  d^,  that  is  to  say,  the  number  of  degrees  of  the  same 

thermometer  corresponding  to  the  temperature  t,  we  may  easily 
deduce  the  apparent  .dilatation  A^  ;  for  we  have  obviously 

D 
T  80        T 

But,  calling  ^^  ^^  ^^^^^  ^^^  absolute  dilatation  of  a  liquid, 
mhat  is,  the  dilatation  which  would  be  observed  in  a  vessel  not 
dilatable,  we  have  seen  that  it  may  be  computed  from  the  ap- 
parent dilatation,  and  that  we  have  in  general 

^^  =  kt+(1-1-kt)At; 

:^  being  the  cubic  dilatation  of  the  matter  of  the  vessel  in  which 
^he  apparent  dilatation  A^  is  observed.  Putting,  therefore,  here, 
C)r  At  i^8  value  in  terms  of  d,  it  will  become 

,  l  +  KT   ^ 

i^  =s  KT  +  D  -g^  D,  ; 
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then,  substituting  for  d,  the  general  expression  at +BT*+^'*'*f 
which  has  been  verified,  we  have 

^T  =  KT  +  D -, 

which,  by  actual  multiplication,  becomes 

,  ,  ,     DA       .      .      B  +  AK  ,     ,      C+BK  ,     ,     KC»   ^4 

f,  =  (K +^„T)  + -15- DT*  + -5J- nT»  +  —  T^. 

The  term  that  includes  t*  may  be  always  regarded  as  insen- 
sible. For  water  it  would  only  give  Togy<>oa  of  the  primitive 
volume  even  when  t.  =  80*.  Thus,  neglecting  this  terra,  when 
the  total  dilatation  d  is  known  for  any  liquid,  we  must  substi- 
tute its  value  in  this  formula,  and  making 

.DA  1  B-rAK  C  +  BK 

a:^K  +  —,...b=zD  -5^,  . .  .  c  =  D  -^jj-, 

we  riiall  have,  for  any  other  temperature^  the  true  and  absolute 
dilatation  Bj,  by  the  formula 

/  ^j,  =  ax  +  *T*  +  CT^, 

which  is^  that  which  was  announced  at  the  commencement  of 
these  enquiries.  But,  if  the  experiments  which  we  employ  are 
extremely  accurate,  the  term  proportional  to  the  fourth  power 
of  the  temperatures  may  perhaps  be  rendered  perceptible ;  and 
in  that  case  it  would  be  necessary  to  introduce  a  term  of  that 
order  in  the  computation  of  d,  from  the  observations.  Let  it 
be  remarked  also,  that  these  formulas  being  expressed  in  de- 
grees of  Reaumur,  the  cubic  dilatation  k  of  the  matter  of  which 
the  vessel  is  constituted  must  always  be  taken  in  reference  to 
those  degrees. 

11.  All  De  Luc's  experiments  were  made  with  thermometer 
tubes  of  glass.  From  the  experiments  of  Lavoisier  and  La- 
place it  appears  that  the  cubic  dilatation  of  glass  employed  for 
this  purpose  is  0'0000262716  for  each  degree  of  the  centesimal 

thermometer.     Multiplying  this  by  -r-  or  adding  to  it  f  of  its 

value,  we  shall  have  the  cubic  dilatation  corresponding  to  a  de- 
gree on  Reaumur's  scale,  namely,  k  =  0*00003284. 

All  is  reduced,  therefore,  to  the  determining  by  experiment 
the  total  and  apparent  dilatation  D.  Unfortunately,  there  are 
no  liquids  of  which  it  can  at  present  be  said  that  this  is  pre- 
cisely known.  In  this  uncertamty  let  us  investigate  the  means 
of  computing  it  for  water  and  alcohol,  from  the  experiments  of 
Gilpin  and  Blagden,  having  regard  to  tlie  dilatations  of  the 
vessels.  In  truth,  those  philosophers  have  only  determined 
the  weights  from  0°  to  30°*2  R. :  but,  as  they  appear  to  have 
been  made  with  very  great  care,  their  precision  may  compensate 
for  what  they  want  in  extent.     Besides  which,  there  are  easy 


Thermometer. ^^Biot  on  Dilatations. 


479 


means  of  trying  our  forjiiula&y  and  deducing  values  which  may 
one  day  be  verified  by  direct  experiments. 

12.  VV^e  shall  commence  with  alcohol.  By  comparing  the 
weights  of  the  same  volume  of  this  liquid  ascertained  by  Gil- 
pin and  Blagden  at  30%  35*,  and  40°  of  Fahrenheit,  M.  Biot 
has  deduced  by  interpolation  the  weight  of  the  same  volume  at 
32°,  which  answers  to  0'  upon  Reaumur's  scale.  Then,  com- 
paring that  result  with  the  weights  observed  at  50**,  70°,  95°,  and 
100'  of  Fahrenheit,  he  has  deduced  the  relation  of  the  volumes 
at  those  difierent  temperatures,  assuming  for  unit  the  primitive 
volume  at  32°,  or  at  the  temperature  of  melting  ice.  Thus  he 
has  obtained  the  following  results : 


Degrees  on  mercurial 
thermomeler. 

Volume  of  alcohol 
observed. 

Dilatation  from 

the  temperature 

of  melting  ice. 

32°  F  or     0^-0    R 
50               8  -00 
70              16  -89 
95              28  -00 
100              30  -'22 

1-000000 
1-010003 
1-021750 
1-037369 
1-040525 

O'OOOOOO 
0-010003 
0-021750 
0037369 
0-04052J5 

To  deduce  from  these  results  the  total  dilatation  d  from  0° 
to  SO®  R,  M.  Biot  employs  the  two  last  observations,  and  con- 
siders them  as  given  values  of  ij.  •     Then  in  the  equation 

(at  +  BT^  +  CT')  (1  +  KT) 


5^T  =  KT  +  D 


80 


all  is  known  except  d  ;  whence  that  quantity  may  readily  be 
deduced.     First,  computing  d,  and  kt,  there  are  found 

T  =  28-000 ;  AT  +  BT^  +  CT^  =  22-758 ;  KT  =  0-00091952  : 
T  =  30-222;  at  +  bt*  +  ct^  =  25-808 ;  kt  =  000099248  : 
then,  from  the  observations  we  have 

5   —  KT 

T  =:  28-000;  J„=  0-037369  ;  ^j-  KT  =  0036449  ;  r =  ^• 

IT  ^      X  '1  +  KT 

i   — KT 

T  zz  30-222;  f,=  0-040525  ;  ^_-.  kt  =  0*039533;  -^ =0. 

7      T  J      T  '1  +  KT 

Substituting  these  values  in  the  formula,  we  shall  have  two 
e  quations,  viz. 

0-036416  =  ^^D,  and  0-039494  =  ^-^d. 

From  the  first,  d  =  0- 122649 ;  from  the  second,  d  =  0*  1 22424. 
These  values  differ  only  by  0*0002  of  the  primitive  volume 
at  0* :  taking,  therefore,  the  mean,  we  have 

D  =5  0-122536, 
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which  is  the  apparent  dilatation  of  the  alcohol  in  glass  from  Xfi 
to  SO**  R.  To  obtain  the  true  dilatation,  recourse  must  be  had 
to  the  formula 

f^    =KT  +  (l  +KT)Ar  , 

which,  when  T  =  80*,  becomes 

»go  =  80k  4- (1 +fiOK)  El- 
Substituting  here  for  d  and  k  the  values  alrea  dy  obtained, 
there  results  for  highly  rectified  alcohol 

$Q^  =  0*1254852, 

or  nearly  one-eighth.  This  is  the  true  dilatation  of  alcohol 
from  0"  to  80*  R. 

M.  Biot  knew  of  no  other  indication  on  this  subject  than  that 
of  Nollet,  who  in  his  "  Lefons  de  Physique^'*  torn.  iv.  p.  379, 
says  that  alcohol  is  dilated  t}y  0*087  while  passing  from .  the 
temperature  of  congelation  to  that  of  boiling  water.  M .  Biot 
shows  the  reasons  of  the  want  of  correspondence  in  the  results ; 
and  proceeds  to  compare  his  deductions  with  those  of  Sir 
Charles  Blagden  and  Mr.  Gilpin.  In  order  to  this,  he  com- 
putes the  values  of  the  true  dilatation  J^  >  for  different  tempera- 
tures comprised  within  the  range  of  their  experiments,  by  means 
of  the  formula 


D 


^,  =  KT  -H  --  (at  +  BT*  +  CT3)(1  +  KT). 

oU 

Thus  he  obtains  the  following  comparisons. 


Degrees  of  the 

mercurial 
thermometer. 

CorrespoBding 
degrees  of  alco- 
hol thermom. 
computed. 

True  dilatation  from  the  temperature 
of  melting  ice. 

Computed. 

OhserTed. 

Excess  of 
obser?a. 

32°  F,  or    0«      R 
50                  8-00 
70                 16-89 
95                 28-00 
100                 30-22 

0000 

6-409 

13-939 

23-753 

25-808 

OOOOOO 
0*01008 
-  0*02191 
003733 
0-04056 

0*00000 
0*01000 
0*02175 
0*03737 
0*04053 

O-OOOOO 

-  0*00008 

-  0*00016 
+  0*00004 

-  0*00003 

The  correspondence  of  these  results  is  quite  as  perfect  as 
could  be  hoped  for ;  and  the  deviations  of  the  formula  from 
the  observations  may  be  as  naturally  ascribed  to  the  latter  as  to 
the  former.  Hence,  reducing  the  coefficients  of  ^^  ^"^  ^  io^^ 
numbers,  we  shall  have  the  following  results  for  any  tempera- 
ture, T,  whatever,  expressed  by  the  mercurial  thermometer  in 
degrees  of  Reaumur. 

I.  Degrees  of  the  thermometer  of  alcohol  on  its  own  scale, 

D^  =  0"784t  +  0-00208  T*  +  000000775  t'. 

II.  Apparent  dilatation  from  0^  in  glass  tubes, 

At  =  O-O()2O083T  +  0-0000031859aT*  +  0-00000001 4  87t^ 
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.    HI.  True  dilatation^ 
"  jp  =  0-00123369T  +  000000322537 T*  +0-00000001 198x5, 

•  In  this  expression  for  the  true  dilatation  the  term  containing 
T*,  whose  coefficient  is  4  preceded  by  12  cyphers  between  it 
and  the  decimal  pointy  is  suppressed.  The  omission  will  only 
occasion  an  error  of  0*00002  in  a  dilatation  of  80°;  and  the 
observations  never  reach  this  precision.  It  must  not  be  for- 
gotten that  these  formula  apply  only  to  alcohol  highly  rectified; 
for  we  have  seen  that  the  dilatations  of  this  liquid  follow  a  dif- 
ferent law  when  it  contains  a  large  portion  of  water.  By  means 
of  these  formulae  thermometers  of  alcohol  or  of  mercury  maybe 
employed  indifferently. 

13.  M.  Biot  institutes  a  similar  calculus  for  zcater,  proceed- 
ing here,  also,  from  the  experiments  of  Gilpin  and  Blagden,  at 
the  temperatures  before  specified.  After  tabulating  his  results 
as  in  the  case  of  alcohol,  he  again  employs  the  observations  at 
95°  and  100°  F,  or  28°  and  30°-22  R.  He  then  recurs  to  the 
^(mnula 

^T   =  KT  -I -^ Dj  . 

There  result,  from  the  computation, 

T  ;=  28-000;  D    =  8*9264;  kt  =  0*000919: 
T  =  30*222;  d/=  10*6818;  KT  =  0-000902. 

^hen,  from  the  observations, 

K  -  ^T 

l«28-000 :  J   «  0-005839;  J    -kt  =0-004910 ;  1 =  0-004050 : 

;    T  '     T  1  +  KT 

$   — KT 

T «  30*222  J  S    «  0-0068409  \i   -  KT  =  0-0058485 ;    I «  0'0058427. 

Substituting  these  values  in  the  formula,  they  give  respectively 
tii6  equations, 

0*004905  =  ^-^D,  and  0*0058427  =  i^^^  D. 

oO  oO 

Jt  is  obyipus  that,  here,  the  minuteness  of  d^  renders  the  de- 
termination of  D  far  less  favourable  than  with  respect  to  alcohol ; 
so  that  it  would  have  bpen  preferable  if  we  could  have  employed 
experiments  made  at  a  higher  temperature.  Yet  the  extren^e 
care  of  the  observer?  in  great  measure  compensates  for  this 
disadvantage ;  and  thus  the  two  values  of  p  deduced  from  these 
equations  agree  very  well  together.     They  are 

D  —  0*0439595,  and  d  =  0*0437582. 

The  difference  between  these  is  only  0*0002  of  the  primitive 
Volume.     Taking,  therefore,  the  mean,  we  have 

D  =  0*043859, 
wbich  is  the  apparent  dilatation  of  water  in  glais  from  O^.to 

.  TOL.'lJ.  II 
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80"  R.     To  obtain  the  true  dilatation  between  those  limits^  re« 
course  must  be  had,  as  before,  to  the  formula 

^80  =  8Qi5:  +  (J  +80k)d; 
in  ^vhich,  substituting  for  k  and  d  their  values,  we  get  ultimately 

Jgy  =  0-046601, 

for  the  true  dilatation  of  water  between  the  temperatures  of  0* 
and  80«  R. 

Isl,  Biot  has  compared  this  result,  also,  with  the  experimentjj 
of  Nollet,  and  traced  the  sources  o^disagreement.  He  theq, 
as  before,  compares  the  results  of  his  calculus  with  the  experi- 
ments of  Gilpin  and  Blagdeh,  which  he  effects  by  means  of  th^ 
formula  . 

>,  =  ifT  +  ^U  f  KT)p,  ; 

tkus  obtaiqin^;  the  follovvincr  table,  in  which  the  unit  of  volume 
is  the  primitive  volume  of  water  at  0^. 


Degrees  of  the 

mercurial 
thermometer. 


32« 
40 
50 
70 
95 
100 


F,  or 


0«      R 
3*56 

8-00 

28-00 
00-!22 


Corresponding: 

degrees  of  ther- 

mom.  of  water, 

computed. 


+ 
+ 
+ 


0-0000 
p-3373 
0*1220 
2-3340 
8*9264 
I0r68l8 


True  dilatation  from  the  temperature 
of  melting  ice. 


Computed. 


+ 
+ 
+ 
+ 


0*00000 
0*00007 
0'00019 
0'60184 
0*00581 
O'00685 


Observe^* 


+ 
+ 


0*00000 
0-00012 
0-00014 
0*00188 
0*00583 
0*00684 


Excess  of  ob- 
servation. 


0*00000 
+    0*00005 

-  O«00005 
+  0*00004 
+    0-00002 

-  000001 


The  formula  and  the  observations  are  evidently  of  equal  ac- 
curacy. The  deviations  are  all  found  in  the  order  of  hundred- 
thousapdth  parts  of  the  unit.  So  fhat  these  experiments/ whic£i 
are  so  delicate  to  make,  as  their  authors  testify,  are  susceptible 
of  confirmutipn  from  a  calcvilus  founded' on  the  thermometrical 
observations  of  De  Liic,  conibined  with  a  single  measure  of  the 
absolute  dilatation  of  water.  Hence,  reducing  the  coefficiehts 
of  i.^  imp  numbers^  we  obtain  the  following  results  for  any  tenw 

perature  t  expressed  in  degrees  of  Reaumur. 

I.  Degrees  of  the  thermometer  of  water  on  its  own  scale^ 
=?;  -0'16t  +  0.()185t*-  0-00005T^ 

Ii.  Apparent  dilatation  of  the  water  in  glass  tubes, 
At.=  — O*OOO()87T18T+O^bOGO10l424.T*-O0000O0O2'7412T?.' 

III.  True  dilatation^ 
^r==  ~O-000054878T  +  a'0006lO1395T*— O-O00000027O8OT'. 

In  this  expressioii  for  the  true  dilatation' the  term  that  cbii-* 
tains  T*  and  of  which  the'co'dfficient  is  9  preceded  by  12  cy- 
phers between  it  and  the  decimal  pointy  is  suppressed.    Tne 
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tymi^sion  will  only  cause  an  error  6f  0*00004  of  the  primitive 
volume  in  the  dilatation  due  to  80**.  It  must  not  be  forgotten 
that  the  law  of  dilatation  changes  when  other  substances  are 
-dissolved  in  water. 

The  value  of  ^^  ^^  susceptible  of  a  minimum  which  shews  its 
the  maximum  of  condensation  of  pure  water.  The  equation 
which  determines  this  minimum  is 

0=  -()-000054.878  +  O-0O0O2O279T-a00OO(X)0S124T*. 

Taking  only  the  smaller  root  of  this  eqiiation^  it  is  t  =  2*-736 
of  Reaumur^  or  5°*42  of  die  centesimal  division.  Mr.  Gilpin 
and  Sir  Charles  Blagden,  according  to  Dr.  Thomson^  carry  the 
true  maximum  of  condensation  to  3^*39  of  the  centesimal  divi* 
sion;  and  Dr.  Hope  found  it  frequently  at  ^'35.  On  this' 
point  there  may  be  some  minute  differences^  depending  on  th^ 
more  or  less  perfect  correspondence  of  the  thermometers  em- 
ployed by  the  different  o*bservers,  and  probably  on  the  greater 
or  less  degree  of  purity  of  the  water  employed ;  for  we  have 
seen  tiiat  the  mixture  of  foreign  substances  dissolved  in  watei^ 
inny  not  only  depress  the  maximum  of  condensation,  but  even' 
cause  it  to  disappear  entirely.  But  it  is  at  least  evident  that 
this  calculus  so  accords  with  the  whole  of  the  experiments,  as 
to  allow  only  very  slight  variations  in  reference  to  the  point  be^ 
fore  us. 

In  a  very  curious  series  of  experiments  made  by  Sir  Charles 
Blagden,  to  ascertain  to  what  point  water  may,  i;i  certain  cir- 
cumstances, be  cooled  below  zero  without  ceasing  to  be  liquid; 
he.  has  remarked  that  its  retrograde  dilatation  continued  even 
then,  and  that  it  became  so  rapid  as  to  bear  a  considerable  pro- 
portion to  the  total  dilatation  experienced  by  the  water  on  pass- 
ing into  the  state  of  ice*.  This  is  an  evident  consequence  of 
the  formulae.  For,  in  the  value  of  the  apparent  dilatation  ^t. 
when  T  is  positive,  the  terms  tend  to  annihilate  each  other  by 
the  opposition  of  signs :  while,  below  0^,  t  becoming  negative, 
all  the  terms  take  the  same  sign,  and  their  sum  is  effective.  To; 
asceitain  how  far  the  difference  may  extend,  let  the  value  of  A^ 

be  computed  from  +  10°  R.  to  —  lO**  R.;  wie  shall  then  have 
T=+10^     .     .     .     .     .    At  =0-0001097 
T  =  -10^     ,     .     .     .     .     Ax  =00019188; 

•  *'  Ib  experiments  where  the  water  has  cooled  much  below  its  freezing 
point,  1  have  seen  (says  Sir  Charles)  the  expansion  so  great  as  to  bear  a' 
considerable  proportion  to  the  whole  expansion  produced  by  freezings 
which  last  1  believe  is  more  than  \  of  the  volume  of  the  water.  It  seeme^ 
as  if  the  expansion  proceeded  in  an  increasing  ratio,  being  much  greater  on 
the  last  degree  of  cooling  than  it  wa$  on  the  first.''  Phi).  Tram.  vol.  l:p(viiif 
^ew  Abridgment^  vol.  xVi.  p.  417. 

1  l2 
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;iidi«re  it  is  evident  that. the  latter  is  to  the  former  about  ia  the 
ratio  of  18  to  !• 

J  4.  Knowing  the  value  of  the  true  dilatation  S^,,  it  is  easy 

thence  to  deduce  the  apparent  dilatation  in  vessels  of  any  sub* 
Mance  whatever.  For,  denoting  by  k  the  cubic  dilatation  of  the 
inatter  of  which  those  vessels  are  constituted^  the  apparent  diia* 
tation  ^T  is  given  in  general  by  the  formula 


^^  1  +  KT 

If  we  wish  to  ascertain  the  dilatation  At  simply  for  tempera** 
tures  but  little  elevated,  and  those  which  always  remain  low, 
we  may  neglect  the  product  of  fj  —  kt  by  kt,  and  suppose  the 

denominator  of  the  second  member  equal  to  unity.     In  which 
jpase  we  shall  have 

^y   =   ly    —    KT. 

It  is  thus  that  we  shall  employ  it  in  the  use  hereafter  to  be 
inade  of  this  formula.  But,  for  the  greater  simplicity,  we  shall 
substitute  the  letters  a,  b^  c,  for  tlie  nupierical  coefficients  which 
f  J  contains,  that  is  to  say,  we  shall  take  generally 

^  =  dT  +  br^  +  ctS 
a,  tf  and  c,  having  values  already  determined.  This  substitution 
gives 

At  =  (a  —  k)  T  +  At*  +  cT^ 
15.  The  apparent  dilatation  At  "^^y  be  susceptible  of  a  mi'^ 
fiimum  depending  on  the  dilatability  of  the  matter  of  which  the 
vessel  is  formed.     The  equation  which  determines  this  minu 
fHum  is 

At 

TT—  =  0,  or  0  SB  a  -  K  +  2frr  +  Sct\ 
p,  quadratic  equation,  whose  roots  are 

T  =  -- — — L- — i^ — -1^    and  T  2:  -. ^- — ^^ ^ . 

3c  '  .3c 

Thesp  roots  will  be  both  positive  so  long  as  the  substance  of 
the  vessel  is  of  a  nature  to  expand  by  heat :  for,  since  a  is  nega^- 
tive  as  well  as  c,  the  product  3(a*-K)c  will  then  be  positive; 
the  value  of  the  radical  expresdon  will  therefore  be  less  than 
that  of  b,  and  as  the  denominator  Sc  is  negative,  the  two  roots 
will  have  the  sign  +.  But  the  first  is  the  only  one  which  in- 
terests us,  because  it  is  that  which  is  always  very  small.  To 
compute  it  exactly  with  facility,  it  will  be  advantageous  to 
transform  the  equation  by  multiplying  both  terms  of  the  frac-' 
t|on  by  6  +V[^*""3  (^""k)  r],  when  it  will  become 

a  -  K 
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tt  VI  ill  tlien  only  be  requimte  t&  put  for  Ic.  its  i^Iue  in  drift 

formula^  and  we  shall  have  the  temperature  t  of  the  apparent 
Inaximum  of  condensation.  The  absolute  maximum  of  coo- 
deusation  is  found  by  making  k  =^  0^  when  we  have 

^ a_ _^  \ 

Since  the  value  of  c  is  extremely  minute,  if  the  temperattrre 
of  the  maximum  should  be  very  small  also,  we  may,  in  approxi- 
mations, ne<>lect  the  term  3cT^  in  the  equation  which  determinci^ 
that  maximum  ;  in  which  case  we  shall  ha've 

Apparent  maximum  ^  =  -^  ^  +  "^» 
True  maximum  (t)  =  —  7^. 
Whence  we  deduce  T  =  (t)  + 


This  result  shows  how  the  apparent  maximum  depends  ttpon 
the  true  maximum  and  the  dilatation  of  the  vessel.  It  shows 
that  to  obtain  the  temperature  T  of  that  maximum,  it  is  requi- 
site to  have  regard  to  tbe  term  which  contains  the  square  of  the 
temperatures  in  the  expression  of  the  dilatation  of  water.  But 
this  more  simple  result  is  only  an  approximation;  and  the  true 
expression,  namely. 


T   =   — 


6+V[6a-3(fl-K)cy 

may  diflFcr  from  it  very  perceptibly,  especially  if  the.  vessels  are* 
very  dilatable  ;  for  then  the  values  of  k  and  t  will  both  increase, 
and  the  error  which  may  result  from  neglecting  the  term  3cT*' 
Hiay  be  very  considerable, 

16.  This  result  M.  Biot  applies  to  the  experiments  made  by 
Mr.  Dalton  on  the  apparent  maximum  of  condensation  of 
water  in  expansible  vessels^.     To.Dalton's  results,  Biot  an* 

*  Nicholson's  Journal,  N.  S.  vol.  x,  p.  93.  (1805.) 

I  shall  throw  into  ibis  note  the_princip<iil  part  of  Mr.  Dalton*s  paper  cited 
by  M.  Biot. 

**  A  number  of  water  theimoraelers  are  ta  be  procui^ed,  the  containing 
vessels  of  which  are  of  difierent  materials,  as  earthen  ware,  glasrt,  and  va- 
rious metals.  Kach  of  these  should  contain. one  or  two  ounces  (from  4  to 
800  grains),  more  or  less,  of  water.  Common  brown  inkstands,  which  go 
by  the  name  of  Nottingham  ware,  answer  very  well  for  one  species,  but 
they  require  to  be  well  painted  without,  as  they  are  not  otherwise  water- 
tight. 1  have  a  fe\"  of  Queen's  ware,  made  purposely  in  Staffordshire, 
which  constitute  another  species  of  earthen  ware ;  some  of  them  are 
glazed  in  and  out ;  others  unglazed,  but  these  being  painted  without  are 
made  water-tight,  and  expand  the  same  by  heat  as  glazed  ones  :  Of  glass. 
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■exes  the  cabic  dilatations  of  the  substances  of  which  the  vessels 
were  fonned. 


common  thermometer  tubes,  with  larger  bulbs  than  ordinary,  are  sufficient. 
I  have  the  metallic  vessels  made  in  the  shape  of  cvUadrical  tin  canisters, 
conical  towards  the  top,  and  at  the  summit  a  small  cylindrical  tube,  such 
afio  take  a  thermometer  tube.  The  glazed  earthen,  ware  and  the  metallic 
rtquire  mostly  to  be  painted  before  they  are  quite  tight. 
*  "  The  vessels  being  thus  prepared,  tney  are  to  be  filled  with  water  pre- 
iiotMly  boiled  to  expel  the  air:  a  thermometer  tube  with  cement  is  then 
suddenly  plunged  into  the  vessel  and  cemented  fast;  the  water  may  then 
be  driven  out  of  the  tube  by  heat,  or  more  may  be  put  into  it  by  a  small 
wire ;  it  is  then  fit  for  use,  and  a  scale  of  equal  parts  may  be  applied  to  the 
tube  3  or  it  may  be  divided,  and  marks  made  with  a  file  or  paint. 

**  Some  of  the  results  of  myexperimems  with  instruments  of  this  kind 
arc  as  follow:  (Fahrenheit's  Tliermom.) 


at 


Water 
lotrcflt. 

1 .  Brown  earthen  ' 

ware.  No.  1, 

at  36^ 

ti^'  IT.  firowd  earthen 

ware.  No. «, 

-     38 

h  . . .  9*  Queen's  ware, 
4.  Flint-glass, 

. 

.     40 

- 

-     414 

*  .    5.  Iron,  thin  plate 

- 

-     424 

'       6.  'I'inned  iron. 

- 

-    4?4 

f       7.  Copper, 

- 

-    454 

;,,     8.  Brass,    . 

■•                               B 

-     46 

Q,  Pewter, 

«■                             • 

-     46 

10.  Lead, 

•                   m 

-    494 

water  the  Mtne 
height. 

32« 

and  40^. 

38 

and  44 

32 

and  48 

32 

and  51 

32 

and  53 

32 

and  63 

32 

and  5g 

32 

and  60 

32 

and  60 

32 

and  67 

"  Another  phenomenon  in  these  instruments  is  observable ;  it  is  not 
new,  but  it  deserves  a  marked  attention  in  the  present  enquiry :  If  the  ap- 
{ilirent  expansion  of  water  for  the  first  10°  of  temperature,  reckoned  from 
the- lowest  point  in  any  of  the  above  instnunents,  be  denoted  by  1  ;  then  if 
the  instrument,  taken  at  any  temperature,  be  suddenly  plunged  in  water 
of  IQP  higher  temperature,  the  water  instantly  sinks  a  considerable  way, 
occasioned  no  doubt  by  the  vessel  being  extended  by  the  heat  before  tne 
water  it  contains  has  time  to  expand.  The  quantity  of  depression  in  the 
<iifFerent  instruments  was  found  as  under : 


-i: 


_  *•  Brown  earthen  ware  sinks  by  deing  dipped  in 


water  of  \0^  higher  temperature. 
Queen's  ware  -         -        - 

Hint-glass,        -        -        - 
Iron,        -     .  - 

Copper,  .... 

Brass,      -        -        -        -        - 
Pewter,  .        -         -        • 

Lead^       •        •        -        •        • 


•2 
•3 

•25 

'66 

'9 
1-1 

10 
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Respective 

Cubic  dilatation 

Maximum  of 

Degrees  at  which 

substance* 

for  l°R.  accorUinj: 

confltiMsation 

water  stands 

of  the  ve>se!s4 

to  Lavoisier  dnd 

observed  in 

at  the  same 

Laplace. 

degrees  of 

height. 

Reduiuur. 

Flint-glass  - 

0'()0()()3003 

.    4^-222 

00  and  8<>'444 

Iron    -    A*    -. 

0*00004378 

4-  667 

9-  334 

Copper  -    - 

.0  00006300 

d-000 

12-000 

Brass      *     * 

0-00007002 

6-222 

12-444 

Pewter   --    - 

0-00007266 

6-  664* 

1 3-  328 

Lead    *  -   * 

0-00010689 

1-  lis 

15-655 

-  r 


I 

» 1 


The  comparison  of  these  results  with  the  formulaB  i&  exhibited 


m  the  followinoj  table* 


Respective 

substances 

of  the  vessels." 


Flint-glass  - 

Iron     - ,-  - 

Copper   -  - 

Brass  -   -  - 

Pewter    -  - 

Lead  -   -  - 


Apparent  maximum  of  condensation 
in  degrees  of  Reaumur. 


Computed. 


i 


4'*-236 
6*  072 

5-  960 

6-  319 
6-  456 
«•  246 


Observed. 


4'^*222 
4-  667 
6-000 
6-222 
6-664 
7-778 


I 


Excess  of^ 
observation. 


-0.014 
-- 0-405 
+0-040 
-0-097 
-f  0-108 
-0-468 


The  differences  here  evinced  between  the  calculus  and  the 
experiments  are  by  no  means  great.  They  may  even  arise 
from  some  slight  differences  between  the  expansions  of  the 
substances  observed  by  Lavoisier  and  Laplace,  and  the  expan- 
sions of  those  which  constituted  Mr.  Dalton's  vessels;  and  s6 
much  the  rather,  as  the  errors  of  expansion  become  extremely 
augmented  by  the  smallness  of  the  divisor  by  which  they  are 
affected  in  the  expression  for  t.  But  farther,  as  the  deviations 
are  marked  generally  by  the  negative  sign,  M.  Biot  is  inclined 
to  think,  that  the  water  employed  by  Mr.  Dalton,  at  least,  ia 

"^t  This  value,  6-6.64,  is  employed  as  it  appears,  torn.  ii.  p.  166.  of  the 
French  translation  of  Thomson's  Chen/istry.  In  Nicholson's  Journal^the 
number  for  pewter  is  the  same  as  for  brass  ;  which  M.  Biot  regards  as  an 
erratum,  especially  as  the  value  given  by  Dr.  Thomson  agrees  very  well  vvith 
ihc  theory.  ■•  .         . 
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some  of  his  experiments,  was  not  perfectly  pure,  but  diatit 
contained  a  small  quantity  of  some  saline  substance,  which 
rather  depressed  its  maximum  of  condensation.  This  may 
explain  why,  on  employing  vessels  whose  dilatation  was  almost 
imiperceptible,  as  earthen- ware,  for  example,  Mr.  Dalton  has 
found  the  apparent  maximum  lower  than  the  ordinary  term  of 
the  true  maximum,  and  once  among  others  at  + 1***78  Reaumur; 
while  Biot's  formula  for  pure  distilled  water,  gives  the  true 
maximum  at  2°'14R.,  almost  l^R*  higher  than  Dalton's  ob* 
servation. 

Mr.  Dalton  has  also  observed  that  in  his  vessels  the  water  is 
made  to  stand  at  equaLaltitudes  by  equal  changes  of  tempera- 
ture above  or  below  that  which  answers  to  the  apparent 
maximum  of  condensation.  This,  again,  is  a  consequence  of 
our  formula.  The  general  expression  of  the  apparent  dila- 
tation A^  in  these  lower  temperatures  is 

A^  =(a- k)t  +  frr*+ CT^; 

and  putting  t'  for  the  temperature  at  the  apparent  maximum 
of  condensation,  we  have  seen  that  this  temperature  is  given  by 
the  equation 

0=a- K+2  frr^+Srr'*. 

Making,  in  general,  xr^r'+f,  that  is,  reckoning  the  tempe- 
ratures above  and  below  the  maximum  of  apparent  conden- 
sation^ and  substituting  this  value  of  t  in  A^  there  will  arise 

+  (a  -  k)  ^  +2bT'l+ZcT'H 

+  ct^ 
The  first  line  is  constant :  it  is  the  value  of  the  dilatation 
A^  at  the  epoch  of  the  maximum  of  condensation ;  we  shall 

fqpresent  it  by  A^,,  The  second  line  has  every  line  multi- 
plied by  the  first  power  of  ^;  so  that  the  factor  of  t  is 
«--K+2Ar'+3c'T'*;  and  this  factor  vanishes  entirely,  since  x' 
is  determined  pi^ecisely  by  the  condition  of  rendering  it  no- 
thing. Thus,  when  the  requisite  reductions  are  made,  the 
expression  for  A^  will  become, 

A^  =  A^,  +  {b  +  ScT^)e+cfi. 

We  have  seen  that  the  co-efficient  c  is  very  small;  for  we 
hav^  c  =  —0  00000002708.    Consequently,  if  the  comparison 
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of  the  temperatures  be  extended  to  ±20''R^  there  will  result 

c^'=q:  0-0002166  5 

so  that  this  term  cannot  produce  an  irregdarity  of  more  than 
about  ^^irVir  part  of  the  total  volume  of  water  at  0" ;  and  if  we 
take /=:±'10°R,  it  will  be  eight  times  less,  or^oTinrpart  of 

the  primitive  volume.  Thus,  it  is  evident,  that  unless  the 
experiments  have  a  mathematical  precision,  the  effect  of  th? 
term  that  contains  t^  cannot  be  perceived.  Neglecting  it, 
therefore,  the  value  of  A^  is  reduced  to 

A^  =  V  +  (6  +  3ct')^*; 

and  this  manifestly  remains  the  same  at  equal  values  of  t  whe*^ 
ther  positive  or  negative ;  which  is  the  very  property  observed 
by  Mr.  Dalton. 

The  same  able  philosopher  has  also  observed  the  quantity 
by  which  the  water  is  suddenly  depressed  in  vessels  of  different 
substances,  when  th^  are  immersed  in  heated  liquid.  He  found 
that  this  quantity  was  different,  according  to  the  nature  of  the  ves- 
sel, and  so  much  the  greater,  as  it  is  made  of  a  more  expansible 
substance.  Whence  he  naturally  concluded  that  this  suddenr 
depression  is  occasioned  by  the  dilatation  of  the  metal,  which^ 
propagating  heat  more  rapidly  than  water,  becomes  heated 
before  it  and  dilates  first.  What  manifests  this  still  better,  is> 
that  the  quantities  of  the  depression  given  by  Mr.  Dalton,  are 
very  nearly  proportional  to  the  cubic  dilatations  of  the  sub- 
stances of  which  the  vessels  were  made.  The  vessel  of  pewter 
seemed  alone  to  present  an  exception.  But,  if  the  deviation 
is  not  to  be  ascribed  to  an  error  of  the  press,  it  may  arise  from 
the  extreme  difficulty  that  attends  the  making  of  such  delicate 
experiments,  and  of  measuring  the  sudden  depression  of  the 
water,  before  it  had  acquired  any  sensible  augmentation  of 
heat. 

17.  These  researches  into  the  dilatation  of  liquids  are  ter- 
ininated  by  pointing  out  a  process  which  results  from  them^ 
(and  which  appears  both  simple  and  exact)  for  measuring 
the  differences  in  the  dilatations  of  solid  bodies.  It  con- 
sits  iti  observing  the  iapparent  dilatation  of  \a  liquid,  mer- 
cury, for  example,  in  vessels  made  of  the  substances  whose 
expansions  we  wbh  to  ascertain,  and  in  observing  it  always 
between  constant  temperatures,  between  0*  and  80**R,  for 
instance.  This  apparent  dilatation  may  be  observed  very  early, 
with  all  desirable  precision.  When  it  becomes  known  for 
vessek  formed  of  a  substance  whose  cubic  dilatation  is  K,  we 
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shall  have  between  the  true  and  apparent  dilatations,  A^  and 
^^,  the  equation 

A^(1  +  kt)=:^^-kt: 

this  gives  ( I  +  A^)tk  =  ^^ ""  ^t' 

For  anolhpr  kind  of  vessel  subjected  to  the  same  tertiperatures, 
ire  shall  have,  in  like  manner 

f^  remaining  the  same  because  the  same  liquid  is  employed  au 
along.  Taking  one  of  these  equations  from  the  other  ^^  will 
be  made  to  disappear,  and  there  will  remain 

(J+AgTK'-(l+A^)TK  =  A^-.A',; 

•whence  we  have 

In  the  actual  state  of  physics,  the  dilatations  of  the  metals 
are  known  with  sufficient  exactness  to  enable  us  to  employ 
them  in  computing  the  small  correction  dependent  on  k  tn  the 
second  member  in  the  preceding  equation;  then,  by  putting  for 

^  ,  A'^,    and  t,  their  values  observed;  k' —  K  will  become 

known.     The  accuracy  of  these  values  will  be  so  much  the 
greater  as  A  ,  and  A^^  are  inferred  from  larger  volumes ;  and 

thus,  also,  it  will  be  with  respect  to  the  difference  k'— Kof  the 
cubic  dilatations  determined  by  that  equation.  Perhaps,  in 
operating  on  the  most  dilatable  metals,  it  will  be  necessary 
to  retain  the  term  proportional  to  k*t%  which  was-njeglected 
at  the  commencement  of  this  paper.  It  is  by  farther  expe- 
riment we  must  ascertain  whether  it  will  become  perceptible. 
■  To  obtain  the  absolute  values  of  k  and  k'  by  the  same  pro- 
cedure, the  true  dilatation  ^^,  must  be  known  for  the  liquid 

employed  in  the  experiments.  This  may  be  ascertained  by 
'observing  that  dilatation  in  a  non-dilatable  vessel;  and  it  is 
easy  to  construct  one  which  shall  possess  that  property,  that  is 
to  say,  which  snail  include  the  principle  of  self-compensation, 
when  the  difference  of  dilatation  in  the  metals  is  known.- 

!M.  Blot  thinks  this  process  will  furnish  a  simple  and  exact 
method  of  comparing  the  progress  of  the  dilatation  of  mercury 
with  that  of  mettEils;  which  is  now  the  only  thing  remaining  to 
be  done  in  order  to  refer  all  the  dilatations  to  the  air  thermo- 
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Aieter,  the  most  perfect  of  b11  :  for,  as  to  the  absolute  dilatations 
of  metalsy  they  now  appear  perfectly  known  by  ofieans  of  the 
experiments  of  Lavoisier  and  Laplarce. 

Adopting  them  we  possess  the  means  of  computing  the  true 
<^tilatations  of  liquids,  when  we  know  their  apparent  dilatations 
in  vessels  of  known  nature.  To  determine  the  law  of  these 
latter^  relatively  to  a  given  liquid,  we  must  commence  by  con- 
structing a  thermometer  freed  from  air,  and  compare  it  care- 
fully with  the  mercurial  thermometer.  The  co-eiiicients  a,  b,  c, 
must  be  determined  from  three  of  those  observations,  and  we' 
must  see  whether  all  the  others  are  comprehended  in  the  same 
law.  It  wilt  only  remsdn  to  determine  a  single  value  of  the 
absolute  dilatation  between  two  known  temperatures,  which 
will  be  easily  effected  by  means  of  the  weights;  and  with  these 
data  the  computation  will  make  known  the  true  -or  apparent  . 
volume  of  the  liquid  at  any  temperature  whatever. 

Addition  to  the  jfreceding  paper. — The  relations  established 
in  the  foregoing  paper,  between  the  dilatations  of  several  liquids 
fipd  the  degrees  of  the  mercurial  thermometer,  are  independent 
of  all  hypothesis. .  It  is  sufficient  that  we  can  determine  by 
computation  the  volume  of  each  of  .such  liquids  at  a  tempera- 
ture given  by  the  thermometer ;  or,  reciprocally,  that  we  can 
compute  the  temperature,  the  volume  being  given. 

Tlie  apparent  dilatation  of  mercury  in  glass  is  taken,  here, 
for  a  standard  to  which  all  the  others  are  referred.  We  might, 
similarly,  have  referred  the  variable  volume  to  all  other  dila- 
tations ;  its  absolute  values  would  then  remain  the  same,  but 
the  form  of  the  function  which  expresses  it  would  change- 
This  is  precisely  what  has  boen  done  by  Mr.  Daltou  in  bis' 
'*  Chemical  Philosophy."  That  able  philosopher  having  re- 
marked that  the  dilatations  of  water,  increased  very  nearly  as 
the  squares  of  the  temperatures  reckoning  from  the  maximum 
of  condensation,  has  concluded  that  it  ought  to  be  the  same 
for  all  liquids  whose  composition  remains  constant  during 
their  change  of  volume;  and  that  if  the  same  law  of  the  squares 
was  not  strictly  observed  for  water,  it  was  because  the  progress 
of  the  mercurial  thermometer  was  not  exactly  proportional  to 
the  heat.  He  has  conceived  the  notion  of  substituting  for  this 
latter  tliermometer  an  ideal  thermometer,  which  shall  be  pos- 
sessed of  this  property,  such  as  we  might  imagine  to  be  the 
case,  for  example,  in  a  thermometer  of  air.  He  has  supposed 
that  the  dilatations  of  the  mercury,  expressed  in  functions  of 
the  ideal  thermometer,  oii^ht  equally  to  observe  the  law  of  the 
squares  reckoning  fropi  the  point  of  congelation ;  and  he  has 
thought  that  on  calculating  in  like  manner  the  dilatations  of 
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all  the  other  liquids  on  this  ideal  thennometer^  they  will  all  b« 
found  to  conform  to  the  same  law. 

This  hypothesis  gives  immediately  the  form  of  the  function 
which  should  express  the  correspondence  between  the  mercurial 
and  the  ideal  thermometer.  Conceive  both  thermometers  ad- 
justed to  the  extreme  points  of  melting  ice  and  boiling  vi^ater; 
conceive,  moreover,  that  in  both  of  them  the  interval  between 
these  points  is  divided  into  80  parts^  as  in  the  thermometer  of 
De  Luc.  Then,  if  both  instruments  be  immersed  in  the  same 
liquid^  the  first  indicating  t  degrees,  the  second  t ;  the  relation 
of  T  to  tf  according  to  the  hypothesis,  will  be  necessarily  of  this 
form, 

T  =  a'/  +  l^f. 

.  Smce  it  is  necessary  that  there  be  a  maximum,  reckoning 
from  which  it  shall  vary  as  the  squares  of  the  temperatures ; 
let  (t)  be  the  true  temperature  of  that  maximum,  we  shall  thei 

have 

•  < 

4=0,  ortf'+ 2fr'(0  =  0. 

t 

But,  since  this  ought  to  answer  to  the  point  of  congelation  of 
mercury,  for  which  we  have  t  =  —  32^  R.  we  shall  have 

-  82  =  0^(0  +  6'(0*. 
The  first  of  these  equations  gives  (t)  zz  —  — r  •  substituting 
this  value  in  the  second,  it  becomes 

32  =  -^,  or6'  =  — . 

Now,  it  is  necessary  that  the  two  thermometers,  which  before 
coincided  at  0**,  coincide  also  at  80*^.  In  order  to  this  we  must 
have  simultaneously  t  =:  +  80*^,  and  t  zz  -{-  80',  which  gives 
the  condition 

a'  +  80  i'  =  1  : 

this,  joined  to  the  preceding,  determines  a^  and  1/ ;  thus  thef 
are  found  to  be,  very  nearly, 

,  __  184    .,         t 

There  is  another  value  of  «',  but  it  is  not  admissible,  because 
it  would  cause  T  to  diminish  while  t  augments.  Substituting, 
then,  the  above  values  in  the  general  equation  for  T  it  becomes 

_  184  1 

'^-264^  +  264^- 

This  formula  exhibits  the  correspondence  of  the  mercurial 
thermometer  with  the  ideal  thermometer,  as  it  results  from  Mr. 
Dalton's  hypothesis.    In  fact^  the  results  which  we  have  de- 
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duced  from  it  are  conformable  to  those  i/vhich  this  able  philo- 
sopher has  given  in  his  new  tables  of  temperature,  pa.  14. 
The  first  column  of  the  table  contains  the  number  of  degrees 
indicated  by  the  ideal  thermometer :  Mr.  Dalton  calls  them 
tme  temperatures.  The  values  of  t  which  correspond  to 
the^m,  form  the  third  column  of  the  table;  the  degrees  being  all 
itlong  expressed  in  the  division  of  Fahrenheit,  instead  of  that  of 
Reaumur,  which  we  have  adopted  in  this  paper.  The  next 
column  presents  the  same  degrees  t  affected  by  the  expansion 
of  glass.  The  point  on  the  thermometric  scale  between  0*  and 
8C)*,  where  t  differs  most  from  f ,  answers  to  ^  =  40°,  which 
gives  T  =  34° ;  the  difference  is  6°  by  which  ^NBxceeds  t  at 
that  period.  Mr.  Dalton  finds  5o'3  for  this  difference ;  pro- 
bably because  of  the  minute  fractions  which  we  have  neglected 
when  resolving  the  equation  for  a^  by  approximation;  and  per- 
haps, also,  because  Mr.  Dalton  has  conducted  his  computations 
differently,  though  on  the  same  principles. 

This  hypothesis  being  now  reduced  to  its  simplest  terms,  a 
reflection  naturally  presents  itself;  which  is,  that  considered  only 
ki  itself,  it  is  extremely  impiobable,  since  it  assigns  necessarily 
to  mercury  and  to  all  liquids  a  maximum  of  true  condensation, 
fixed  at  their  point  of  congelation.  In  truth,  the  mere  mathe- 
matical enunciation  of  this  hypothesis,  leads  at  once,  for  mer- 
cury, to  an  expression  of  the  form 

T=a't+  bU^; 

ivfaere  t  has  necessarily  a  minimum  when 

For,  if  we  make  ^  =s  —  —  +  /',  whicli  amounts  to  the  same 
as  reckoning  the  temperatures  t^  firom  the  point  when  t  s= 
—  rp,  we  shall  find 

tvhence  it  is  evident  that  the  values  of  t  are  the  smallest  pos- 
sible when  ^  is  nothing,  and  go  oq  augmenting  from  that  term, 
at  least  if  6'  be  positive.  With  regard  to  mercury,  for  example, 
We  shall  have 

</« 

2^i|d  consequently  t  =  —  32  -f- 1^^'^.. 

-Thus,  according  to  Mr.  Dal  ton's  hypothesis,  the  common 
mercurial  thermometer  can  never  descend  lower  than  32*^  R. 
below  zero,  which  is  the  point  .^f  congelation  of  that  liquid. 
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But  this  is  altogeriier  contrary  to  experience;  for  it  is  knowb 
that  all  llie  liquids  hitherto  observed  may,  with  certain  precau- 
tions, be  cooled  below  their  pomt  of  congelation  without  be- 
coming solid,  and  then,  so  long  as  they  remain  liquid,  they  will 
'  continue  to  conform  to  their  respective  law  Of  dilatation.     It  is 
thus  that  water,  for  example,  dilates  by  quantities  equal  as  to 
sense,  reckoning  either  way  from  its  maxinmm.  of  density,  to  at 
least  10*^  R.  ascending  or  descending.     In  like  manner,  olive  oil 
which  congeals  in  open  air,  at  a  temperature  by  no  means  low, 
may  be  cooled  far  below  that  point,  nay  even  to  14°  R.  below  0, 
M'ithout  ceasing  to  be  liquid,  as  is  proved  by  the  experiments  of 
De  Luc ;  and  in  that  state  it  continues  to  contract,  according  tp 
the  law  which  it  followed  in  the  rest  of  the  thermometric  scate; 
since,  as  we  have  shown  (§  I )  that  law  does  not  permit  a  maxi- 
mum of  condensation,     jt  is  the  same  with  respect  to  mercury ^ 
as  is  proved  by  the  disquisition  of  Mr.  Cavendish  on  HutchiaVt 
experiments  at  Hudson's  Bay.     For  it  results  from  that  disqui* 
sition  that  mercury,  as  well  as  other  liquids,  may  be  cooled 
below  its  point  of  fusion  without  becoming  solid,  that  this  fre* 
quently  happened  in  the  experiments  of  Mr.  Hutchins,  and  that 
when  it  has  happened,  the  mercury,  so  long  as  it  remained  fluid, 
continued  to  contract  progressively  to  the  moment  of  its  solidi- 
fication, when  it  contracted  all  at  once  in  a  proportion  much  ' 
more  considerable  *.    All  these  results  are  contrary  to  the  idea 
of  such  a  law  of  dilatation  as  is  supposed  by  Mr.  Dalton;  and 
the  same  contradiction  will  subsist  in  reference  to  all  liquors 
which  contract  progressively  down  to  the  instant  of  their  soli- 
dification. 

If,  notwithstanding  these  physical  contradictions,  we  would 
verify  the  hypothesis  of  Mr.  Dalton  even  by  the  experiments 
made  in  reference  to  the  dilatation  of  water,  which  is  the  prin-r 
cipal  object  he  had  in  view,  we  shall  find  that  it  agrees  with  it 
much  less  exactly  than  the  empyrical  law  deduced  from  the 
thermometrical  observations  ;  which  is  very  natural,  since  these 
observations  have  oft'ered  to  us  an  extremely  delicate  proof  on 
which  our  formulae  are  moulded.  All  along  we  conceive  that  9 
slight  change  of  the  thermometric  scale,  such  as  that  which  re- 
sults from  Dalton's  hypothesis  between  0  and  80",  cannot  pro- 
duce a  very  considerable  effect  on  a  liquid  which  dilates  so 
little  as  water ;  and  so  much  the  more  as  Mr.  Dalton  has  com- 
pensated in  part  the  excess  of  his  scale  of  true  temperatures  by 
the  excess  of  true  temperature  which  he  ascribes  to  the  maximum 
of  condensation.  But  the  error  mayl^ecome  greater  in  propor- 
tion as  we  apply  that  scale  to  other  liquids  of  which  the  e^pao- 

* .  Phil.  Traus.  vol.  Ixauii.  p.  3Q3,  New  Abridgment^  voL  xv.  p.  420.    ; 
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«on  is  comparatively  greater,  alcohol,  for  example,  and  this,  in 
fact,  has  occurred.     M.  Dalton  himself  has  acknowledged  that 
the  law  of  dilatation  deduced  from  his  hypothesis  does   not 
accord  with  the  thermometrical  observations  of  De  Luc,  espe- 
cially at  high  temperatures.     Struck  with  this  discordance,  he 
has  been  led  to  throw  some  doubts  on  those  observations  them- 
eelves  :  **  for,  (says  he)  as  the  dilatation  oF  alcohol  from  62"  to 
i^li»  must  have  been  conjectural,  it  may  be  that  De  Luc  has 
exaggerated  it."    But  the  observations  of  De  Luc,  and  of  many 
other  philosophers,  have  long  ago  shewn,  that  when  a  liquid  is 
included  in  a  vacuum,  it  may  support  without  boiling  tempera- 
^res  much  superior  to  those  at  which  it  boils  under  the  pres- 
sure of  common  atmospheric  air ;  and  Mr.  Dalton's  theory  of 
the  formation  of  vapours,  assigns  an  obvious  reason  for  thiis 
fact.    There  have  also  been  long  made  thermometers  of  alcohol, 
purged  of  air,  which  sustain  perfectly  the  temperature  of  boiling 
water.     It  appears  from  our  formulas  that  the  dilatation  of  al- 
coliol  between  thes^  extreme  limits,  so  far  from  being  irregular 
and  capricious,  continues  to  be  conformable  to  itself,  and  con- 
forms to  the  same  law  at  the  temperature  of  boiling  water,  and 
at  lO'^jR  below  zero.    Only,  as  this  dilatation  is  not  proportional 
to  that  of  mercury,  it  is  manifest  that  its  absolute  value  is  not 
the  same  in  the  different  parts  of  the  thermometric  scale,  for  the 
same  number  of  degrees.     This  is  found  confirmed  in  the  most 
striking  manner,  by  means  of  an  observation  of  the  absolute 
dilatation  of  alcohol,  made  by  Mr.  Dalton  himself  in  a  glass 
vessel,  between—  17°.78R.  and  +  62^,22  R.  comprehending  an 
interval  of  80* .     The  dilatation  in  this  interval  ought  not  to  be 
the  same'as  from  0  to  80®.     Calculating  by  our  formula^  we 
find 

From  0  to  -  17'78,  true  dilatation  .         —  00209325 

From  0  to  4-  62-22,  true  dilatation         .     -      +  0-0919566 

Difference,  or  total  dilatation  between  —  17*78 

and +  62-22     .     .     .     ^t  •         •         •     +0*1 128891 

From  which  deductmg  the  dilatation  of  glass  .  . 

—  80k 00026272 


We  have  the  apparent  dilatation  between  the 

isame  limits 0*1102619 

The  value  found  experimentally  by  Mr.  Dal- 
ton, is       . 0*110 

This  agrees  precisely  with  the  computation  so  far  as  the  deci- 
inols,  in  the  experimented  number,  serve  for  the  comparison. 
T[iaa  confirmation  of  the  formula  is  so  much  the  more  sai^s« 
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factory,  as  their  determination  was  independent  of  all  observa- 
tions below  zero. 

Mr.  Dalton's  work  likewise  contains  a  confirmatioa  of  the 
value  attributed  by  Biot  to  the  absolute  dilatation  of  water  be- 
tween the  temperatures  of  0  and  80"  R.  For^  from  experimest 
he  assigns  it  at  0*6466,  precisely  the  same  as  has  been  inferred 
by  Biot  from  the  thermometrical  ob9ervations  of  De  Luc,  com- 
bined with  a  single  detennination  of  the  specific  gravity  of  water 
at  the  temperature  of  ((0''*22  by  Gilpin  and  Blagden. 

Mr.  Laplace,  whose  views  in  relation  to  physical  subjects 
are  always  as  ingenious  as  extensive  and  profound,  undertook  to 
investigsite  whether  it  were  or  were  not  possible  to  make  t)ie 
term  depending  on  the  cubes  of  the  temperatures  disappear,  by 
referring  all  the  dilatations  to  an  ideal  thermometer,  in  functions 
of  which  even  that  of  mercury  should  be  expressed  in  the  san^e 
roanuer  by  a  simple  law  of  the  squares,  reckoning  for  each  liquid 
from  a  different  point.  But  he  has  assured  M.  Biot  that  th$ 
requisite  accuracy  cannot  be  generally  acquired  in  this  way,  at 
least  with  the  coefficients  he  has  deduced.  For  their  signs  »| 
well  as  their  values  changed  for  the  different  liquids,  in  such 
manner  that  it  is  impossible  to  make  the  term  which  depends  on 
the  cube  of  the  temperature  disappear  in  all  these  liquids,  by 
a  single  supposition  for  the  dilation  of  mercury  in  functions  of 
the  ideal  thermometer.  Perhaps,  more  exact  experiments  thaii 
those  made  use  of  by  M.  Biot  may  sometime  lead  to  the  dit 
coVery  of  a  more  simple  law ;  but,  till  then,  the  formulae  exhir 
bited  in  this  paper  will  suffice  for  the  ordinary  purposes  of  ob? 
servers. 

THRASHING  machines,  in  a  country  like  ours,  where 
agriculture  has  been  so  successfully  cultivated,  can  hardly  be 
denied  to  be  of  great  utility :  for  which  reason,  although  these 
machines  are  not  yet  brought  to  such  a  state  of  perfection  as  is 
to  be  wished,  we  conceive  it  will  not  be  improper  to  give  an 
account  of  some  of  the  most  ingenious. 

The  first  thrashing-machine  which  has  come  to  our  know- 
ledge is  that  manufactured  in  1732  by  Mr.  Mic/iael  Menzies  of 
jEdinburgh ;  it  consisted,  as  far  as  we  have  been  able  to  ascer- 
tain, of  nimierous  instruments,  resembling  flails,  which  were 
attached  to  a  moveable  beam,  and  inclined  to  the  latter  in  an 
angle  of  ten  degrees.  On  each  side  of  such  beam  were  placed 
floors,  or  benches,  on  which  the  sheaves  were  spread  ;  the  flails 
being  moved  forward  and  backward  on  these  benches  by  a  crank 
that  was  fixed  to  the  end  of  an  axle,  revolving  about  thirty  times 
in  a  minute. 

The  second  machine  was  invented  in  1753  by  Mr.  Michael 
SterUng  of  Dumblaine^  Perthshire :  his  first  moddb  weie  vnFf 
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knperfect;  biit,  after  repeated  alteratians,  he  completed  it  in 
its  present  form^  in  1758 ;  and  it  now  consists  of  an  outer^  or 
water*wbeely  having  an  inner  wheel^  furnished  with  fortyeight 
€Ogs^  and  turning  on  the  same  axle.  With  this  cog-wheel  is 
connected  a  vertical  trundle,  or  pinion,  with  seven  notcl^es; 
and  the  axle  of  which  passes  through  a  floor  above  the  wheel ; 
its  upper  pivot  being  secured  in  a  beam  six  inches  above  the 
floor.  At  die  height  of  three  feet  three  inches  from  the  latter^ 
two  straight  pieces  of  squared  wood  (each  being  four  feet  in 
length)  are  inserted  through  the  axle  of  the  pmion,  at  right 
angles,  so  as  to  form  four  arms  that  are  moved  round  horizon- 
tally.  To  the  end  of  these  arms  are  affixed  four  iron  plates, 
each  twenty  inches  in  length,  and  eight  inches  in  breadth  at  the 
extremity  nearest  to  the  arms,  but  tapering  to  a  point  at  the  op- 
posite ends. 

The  horizontal  fly,  here  described,  constitutes  four  thrashers, 
and  is  inclosed  in  a  cylindrical  wooden  box,  that  is  three  and  a 
half  feet  high,  and  eight  feet  in  diameter :  on  the  top  of  diia 
Ibox  is  an  opening  eight  inches  in  width,  extending  a  foot  and  a 
balf  frokn  the  circumference  to  its  centre,  and  through  which 
the  sheaves  of  com  descend ;  the  latter  being  previously  opened|' 
and  laid  separately  on  a  board  jH'o^ided  with  two  ledges,  gra- 
dually declining  towards  such  port,,  or  opening.  Within  the 
cylindrical  box  there  is  an  inclin^  plane,  along  which  the 
atraw  and  grain  fall  into  a  wire-ridcBe  two  feet  square,  that  is 
[placed  immediately  l^eneath  a  hole  of  a  similar  size :  the  riddle 
is  jerked  at  each  revolution  of  the  spindle,  by  means  of  a  knob 
fixed  on  its  side ;  and  is  thrust  backward  by  a  small  spring  that 
presses  it  in  a  contrary  direction.  Thus,  the  short  straw,  tor^ 
getfaer  with  the  grain  and  chafl^,  that  pass  throng  the  wide 
riddle,  fall  instantly  into  an  oblong  straight  riddle,  one  end  of 
which  is  raised,  and  the  other  depressed,  by  a  similar  con^ 
trivance.  And,  as  the  riddle  last-mentipned  ia  not  provided 
with  a  ledge  at  the  lower  end,  the  long  chaff,  which  cannot 
pats  through,  drops  thence  to  the  ground,  while  the  grain  and 
smaller  chafi^  descend  into  a  pair  of  common  bam-fenners,  and 
aie  thus  separated  with  great  exactness.  These  fanners  are 
moved  by  means  of  a,rppe,  that  runs  in  a  shallow  groove  cut  on 
the  circumference  of  die  cog-wheeL  In  the  mean  time,  the 
•traw  collected  in  the  lower  part  of  the  box  over  the  wide 
fiddle,  and  through  aa  ojpening  two  feet  and  a  half  square,  is 
(faraw»  down  to  tlie  ground  with  a  rake,  by  the  persons  em- 
f^^ed  to  form  it  into  trusses. 

In  1772  another  thrashing-macfaine  v^as  invented  by  Mr. 
McUrian  of  Alnwick,  and  Mr.  SnuLrtoi  Wark,  Noitfaumber- 
land.    The  operation  was  performed  by  rubbing :  the  shctaves 
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being  carried  round  between  an  indented  drum  six  feet  in  dia- 
meter, and  numerous  indented  rollers,  that  were  arranged  round, 
and  attached  to,  this  drum  by  means  of  springs ;  so  that  during 
the  revolution  of  the  machinery,  the  corn  was  separated  from 
the  straw  by  constant  friction  against  the'flutings  of  the  drum. 
But  this  contrivance  was  soon  disused ;  as  many  grains  were 
thus  crushed  between  the  rollers. 

The  next  invention  is  that  of  Mr.  Andrew  Metkky  in  17B5, 
who  obtained  a  patent,  which  is  now  expired ;  we  have  there- 
fore given  a  plate  (XXXIV),  representing  in  fig.  1.  the  plan 
of  elevation;  in  fig.  2.  the  ground  plan;  and  in  fig.  S*  the 
essential  parts  of  the  machinery^  so  as  tP  convey  a  tolerably  ac- 
curate idea  of  his  principle.  . 

A  (fig.  1.  and  2.)  is  a  large  horizontal  spur-wheiel,  which  has 
276  cogs,  and  moves  the  pinion  b,  having  fourteen  teeth.  Tlie 
latter  imparts  motion  to  a  crown-wheel,  c,  that  is  provided  with 
eighty-four  cogs,  and  moves  a  second  pinion,  d,  which  is  fur- 
nished with  sixteen  teeth.  This  pinion  d^  turns  the  drum  hikl 
(fig.  1.  2.  and  3.),  being  a  hollow  cylinder^  three  feet  and  a  bilf 
in  diameter,  and  placed  horizontally :  on  its  outside  are  fixed^ 
by  n^eans  of  screw-bolts,  four  scutchers,  or  pieces  of  wood,  one 
side  of  which  is  faced  with  a  thin  iron  plate ;  and  which  are 
disposed  at  an  equal  distance  from  each  other,  and  at  right 
angles  to  the  axis  of  this  drum. 

p  (fig.  2.  and  3.)  is  an  inclined  board,  on  which  the  sheaves 
are  spread,  and  whence  they  are  introduced  between  two  flirted 
cast-iron  rollers,  G,o  (fig.  3.),  that  are  three  and  a  half  indies 
in  diameter,  and  revolve  about  thirty-five  times  in  one  minute. 
These  rollers  being  only  three-fourths  of  an  inch  from  the 
scutchers  or  leaves  of  the  drum  hikl  (fig.  1.  and  2.),  serve. to 
keep  the  sheaves  steady,  while  the  scutchers  a,  6,  c,  dy  (%•  2. 
and  3.)  move  with  considerable  velocity,  and  thus  separate  the 
grain  from  the  straw,  while  both  are  thrown  on  the  concave 
rack  M  (fig.  2.),  which  lies  horizontally  with  slender  parallel 
ribs ;  so  that  the  com  may  pass  through  them  into  the  subjacent 
hopper  N  (fig.  1.  and  3.).  . 

o  (fig.  3.)  is  a  riddle  or  harp,  through  which  the  corn  drops 
into  a  pair  of  fanners,  p  (fig.  1.  and  30i  and  from  these  it  is 
generally  obtained  in  a  state  fit  for  the  market. 

QRTs  is  a  rake,  consisting  of  four  leaves^  or  thin  pieces  of 
wood ;  at  the  extremity  of  each  is  placed  a  row  of  teeth, 
^yfy  S>  ^>  ^^^  *^^^  fiv®  inches  long.  This  rake  .moves  in  the 
concave  rack  m,  (fig.  2.),  in  a  circular  direction;  while  the 
teeth  catch  the  straw  that  had  been  thrown  by  the  scutcHers 
a,  6,  Cf  d,  into  the  rack,  aud  remove  it  to  the  contiguous 
place,  V. 


Thrashing'Machwes.  495) 

XV  (fig.  1 .)  represents  the  horse's  course,  which  is  twenty-seven 
feet  in  diameter. 

x(6g.  I.  and  2.)  is  the  pillar  for  supporting  the  beams  oh 
which  the  axle  of  the  spur-wheel  is  fixed. 

Y,Y,Y  (fig.  1.),  and  Y,  Y  (fig.  2.)  shew  the  spindles,  the 
design  of  which  is  to  move  the  two  fluted  rollers,  the  rake,  and 
the  fanners. 

To  the  description  now  given  we  have  only  to  add,  that  the 
drum  has  a  covering  of  wood  at  a  small  distance  above  it,  for  the 
piu*pose  of  keeping  the  sheaves  close  to  the  scutchers. 

\the  number  of  persons  requisite  for  attending  the  mill  when 
working  is  six :  one  person  drives  the  horses ;  a  second  hands 
the  sheaves  to  a  third  who  unties  them,  while  a  fourth  spreads 
them  on  the  inclined  boards,  and  presses  them  gently  between 
the  rollers :  a  fifth  person  is  necessary  to  riddle  the  com  as  it 
falls  from  the  fanners,  and  a  sixth  to  remove  the  straw. 

This  machine  can  be  moved  equally  well  by  water,  wind,  or 
horses.  Mr.  Meikle  has  made  such  improvements  on  the  wind- 
mill as  to  render  it  much  more  manageable  and  convenient  than 
formerly ;  and  we  are  informed  many  wind-mills  are  now  erect- 
ing in  different  parts  of  the  country.  As  to  the  comparative  ex- 
pense of  these  different  machines,  the  erection  of  the  horse-ma- 
chine is  least ;  but  thien  the  expense  of  employing  horses  must 
be  taken  into  consideration.  One  of  this  kind  may  be  erected 
for  70/.  A  water-mill  will  cost  10/.  more,  on  account  of  the 
expense  of  the  water-wheel.  A  wind-mill  will  cost  from  200/. 
to  300/.  sterling. 

In  thrashing-^machines,  however,  cheapness  should  not  be 
the  only  consideration.  It  often  happens  in  ma9hinery,  that 
things  apparently  cheap  are  ultimately,  very  dear.  Thrashing 
of  com  requires  a  strong  power,  which  neither  weak  men  nor 
slight  machines  are  competent  to.  On  this  account,  strong  and 
durable  machines  are  to  be  recommended  as  cheapest  in  the 
end ;  performing  more  work,  in  a  better  manner,  and  not  need- 
ing frequent  repairs. 

Some  other  well-constructed  thrashine-machines  are  described 
in  Gray's  Experienced  Millwright,  Bailey's  Descriptions  of 
Machines  approved  by  the  Society  of  Arts,  in  the  Repertory  of 
Arts  and  Manufactures,  the  2d  vol.  of  Dr.  Brewster's  Fergu- 
son, and  the  11th  vol.  of  the  Pantologia. 

With  respect  to  the  quantity  of  com  which  a  machine  will 
thrash  in  a  given  time,  it  is  not  easy  to  give  any  precise  inform- 
ation ;  the  most  important  M'e  have  yet  met  with  is  given  by 
Mr.  Fenwick,  who  found  from  numerous  experiments  that  a 
pdwer  capable  of  raising  a  weight  of  1000  pounds  with  a  uni- 
form velocity  of  fifteen  feet  per  minute,  will  thrash  two  bolls 
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(eight  busheb)  of  wheat  in  an  hour ;  and  that  a  power  sufficient 
to  raise  the  same  weight  with  a  velocity  of  twenty-two  feet  per 
minute^  will'  thrash  tihree  bolls  of  the  same  grajin  in  an  hour. 
From  these  facts^  this  gentlemen  has  computed  the  following 
table,  which  is  applicable  to  machines  that  are  drivea  either  by 
water  or  horses* 


Table  of  the  power  of  thrashing-machines. 


Gallons  of 

Gallons  bf 

Gallons  of 

i 

•    • 

water  per 

water  per 

water  per 

minute^  ale- 
measure. 

minute;  ale- 
measure. 

minute,  ale- 
measure. 

Number 
of  ihorses 
worldng 
9i  hours. 

Bolkof 
whee^t 

Bolls  thrash- 
ed in  9i 

discharged 
on  an  over- 

discharged 
on  an  over- 

discbarg^ 
on  an  over- 

thrashed 
In  i^n 

hours  s^cti^ 
working,  or 

shot  wheel 

shot  wheel 

shot  wheel 

hour. 

in  a  day. 

10  feet  in 

15  feet  in 

30  feet  in 

diameter. 

diameter. 

1 

diamejter. 

• 

230 

160 

130 

1 

8. 

19 

3.90 

296 

205 

2 

3 

,    28i 

528 

380 

,      V^ 

3; 

5 

47i 
6.6J 

660 

470 

340 

4 

7 

790 

5^5 

400 

5 

9 

8&i 

970 

680 

500 

6 

10 

1 

9* 

1 

2 

3 

4^ 

5 

6 

The  first  four  columns  of  the  precedmg  table  cpnt^q  dif- 
ferent quantities  of  impelling  power,  and  the  last  Jtwo  exhibit 
the  number  of  bolls  of  wheat  in  Winchester  measure^  whicb 
such  powers  are  capable  of  thrashing  in  an  hour,  or  in  a  da;. 
Six  horseSj  for  example^  are  capable  of  thrashing  ten  boQs 
of  wheat  in  an  hour,  or  uine^-five  in  the  space  of  nine  i^ours 
and  a  half,  or  a  working  day ;  and  6.80  gallojos  of  water  ^ 
charged  into  the  buckets  of  an  overshot  water-wheel  of  15  fe^ 
diameter  during  a  minute^  will  thrash  die  same  quanjtMy  of 
gi;ain, 

TIDE-MILLS,  as  th^ir  name  imports,  are  such  as  employ 
for  tbeir  first  mover  the  flowing  and  ebbing  tide,  either  in  Ae 
)5ea  or  a  river. 

Mills  of  this  kind  have  not  often,  we  believe,  been  erected  in 
England,  though  several  of  our  rivers,  and  particularly  t^ 
Thames,  the  Humber,  and  the  Severuj  in  which  the  tide  riscyi 
to  a  great  height,  furnish  a  very  powerfiil  n^oyer  to  drive  aiqf; 
kind  of  machinery,  and  would  aUoyr  of  tide-i^i^^  being  yeiy 
advantageously  <;on8truct^  iipoQ^their  banks^    The  c^ectioiR  of 


siich  milh  is  not  to  be  recommended  liniversallj,  as  they  are 
attended  with  a  considerable  original  expense;  besides  that 
some  of  their  parts  will  require  firequedt  repairs :  but  in 
sonie  places  where  coals  are  very  dear  they  may,  on  the  1«rhole; 
be  found  less  expensive  than  steam-engined  to  perform  the  same 
work,  and  may  on  that  account  be  preferred  even  to  them* 

We  have  not  been  able  to  tiscertain  who  was  the  first  Con* 
triver  of  a  tide-mill  in  this  country,  nor  at  what  time  one  was 
fir^t  erected*  The  French  have  not  been  so  negligent  respecting 
the  origin  of  this  important  invention  as  to  let  it  drop  into  ob* 
dcurity ;  but  have  taken  care  to  inform  us  that  such  mills  were 
used  in  France  early  in  the  last  century*  Belidor  mentions  the 
name  of  the  inventor,  at  the  same  time  that  he  states  some  pe- 
culiar advantages  of  this  species  of  machine.  '^  L'on  en  at- 
tribUe,"  says  he, "  la  premiere  invention  k  un  nomme  Perse, 
maltre  charpentier  de  Dunkerque,  qui  m^rite  assur^ment  beau- 
coup  d*61oge,  n'y  ayant  point  de  gloire  plus  digne  d'un  boh 
citoyen,  que  celle  de  produire,  quelqu'  invention  utile  k  la  to- 
ci^t€.  £n  effet,  combieo  n'y  a-t'il  point  de  choses  essentielles 
i  la  vie,  dont  on  ne  connott  le  prix  que  quand  on  en  est  priv^  : 
les  moulins  en  g6u6ral  soht  dans  ce  cas-ld.  On  doit  s^avoir  boh 
gt€  ^  ceux  qui  nous  ont  mis  eii  6tat  d'en  construire  par-tout : 
pAr  exemple  k  Calais,  comme  il  tt'y  serpente  point  de  rivieres> 
OB  n'y  a  point  fait  jusqu'ici  de  moulins  d  eau,  Sc  ceux  qui  Y(mt 
par  le  vent  chdmant  un  partie  de  Tannic,  il  y  a  des  temd  m.  cette 
vilie  se  trouve  sans  farine,  8c  j'ai  vti  la  garnisdn  en  1730,  obliged 
de  faire  venir  du  pain  de  Saint-Ofber,  au  lieu  qu'en  se  servant 
da  flux  &  reflux  de  la  mer,  on  pdurroit  construire  dutadt  db 
moulins  k  eau  que  I'on  voudroit :  il  y  a  d'autres  villes  dans  le 
foisinage  de  la  mer  sujettes  ati  m^me  inconvenient,  parce  qjof 
apparement  elles  ignorent  le  liibyeii  d'y  rem6dier.'' 

Mills  to  be  worked  by  th^  rising  and  falling  of  liie  tide  ddmit 
ctf  great  variety  in  the  ei^sehtial  part6  of  their  construction;  bat 
this  variety  may  perhaps  be  reduced  to  four  genleral  heads,  ac- 
jcoiding  to  the  manner  of  action  of  the  water-wheel.  l.The 
witter-wheel  may  turn  one  way  when  the  tide  rises,  and  the 
contrary  when  it  falls.  2.  The  water-wheel  may  be  made  to  turn 
ttwBTfs  in  one  direction.  S.  The  Water-wheel  may  fall  and  ris^ 
aB  the  tide  ebbs  and  flows.  4.  The  axle  of  the  water-wheel 
rimy  be  so  fixed  as  that  it  shall  neither  rise  nor  fall,  though  the 
rotatory  motion  shall  be  given  to  the  whe^l,  while  at  one  time 
if  is  only  partly,  at  another  completely,  immersed  in  the  fluid. 
Ill  the  miUs  we  have  examined,  the  first  and  third  of  these  di- 
have  been  Usually  exemplified  in  one  machine ;  and  the 
and  fourth  may  readily  be  united  in  another :  we  shall> 
ttoefore,  apeak  of  theisi  under  two  divisions  only. 
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1.  When  the  water-wheel  rises  and  folk,  und  tarns  one  way 
with  the  rising  tide,  and  the  contrary  when  it  ebbs.  In  order  to 
•xplain  the  nature  of  this  species  of  tide-mill,  we  shall  describe 
one  which  has  been  erected  on  the  right  bank  of  the  Thames 
at  East-Greenwich,  under  the  direction  of  Mr.  John  Uoyd,  an 
ingenious  engineer,  of  Brewer's-green,  Westminster. 

This  mill  is  intended  to  grind  com,  and  works  6  pairs  of 
stones.  The  side  of  the  mill-house  parallel  to  the  course  of  the 
rivier  measures  40  feet  within ;  and  as  the  whole  of  this  may  be 
opened  to  the  river  by  sluice-gates,  which  are  carried  down  to 
the  low  water-murk  in  the  rive%  there  is  a  forty-feet  water-way 
to  the  mill :  through  this  water-way  tlie  water  patoes  during  die 
rising  tide  into  a  large  reservoir,  which  occupies  about  4  acres 
of  laud:  and  beyond  this  reservoir  is  a  smaller  ode  in  which 
water  is  kept,  for  the  purpose  of  being  let  out  occasionally  at 
low  water  to  cleaiise  the  whole  works  from  mud  and  sediment, 
which  would  otherwise  in  time  clog  the  machinery.  Tie 
water-wheel  has  its  axle  in  apposition  parallel  to  the  side  of  die 
river,  that  is,  parallel  to  the  sluice-<gates  which  admit  water 
from  the  river :  the  length  of  this  wheel  is  26  feet,  its  diameter 
11  feet^  and  its  number  of  float-boards  32.  These  boards  do 
not  each  run  on  in  one  plane  from  one  end  of  the  wheel  to  die 
other,  but  the  whole  length  of  the  wheel  is  divided  mto  four 
«qual  portions,  and  the  parts  of  the  float-boards  belongii^  to 
each  of  these  portions  fall  gradually  one  lower  than  another, 
each  by  one-fourth  of  the  distance  from  one  board  to  another, 
measuring  on  the  circumference  of  the  wheel.  This  contriv- 
ance, which  will  be  better  understood  by  referring  to  flg.  6. 
pi.  XXXV.  (shewing  a  part  of  |he  wheel),  is  intended  to  equal- 
ize the  action  of  the  water  upon  the  wheel,  and  prevent  its 
moving  by  jerks.  The  wheel,  with  its  incumbent  apparatus, 
weighs  about  20  tons,  the  whole  of  which  is  raised  by  the  im- 
pulse of  the  flowing  tide  when  admitted  through  the  sluice- 
gates. It  is  placed  in  the  middle  of  the  water-way,  leaving  s 
passage  on  each  side  of  about  6  feet  for  the  water  to  flow  into 
the  reservoir,  besides  that  which  in  its  motion  turns  the  wheel 
round.  Soon  after  the  tide  has  risen  to  the  highest  (which  at 
this  mill  is  often  20  feet  above  the  low  water-mark),  the  water 
is  permitted  to  run  back  again  from  the  reservoir  into  the  river, 
and  by  this  means  it  gives  a  rotatory  motion  to  the  water-wheel, 
in  a  contrary  direction  to  that  with  which  it  moved  when  im- 
pelled by  the  rising  tide :  the  contrivance  by  which  the  wheel  is 
raised  and  depressed,  and  that  by  which  the  whole  interior  mo- 
tions o^f  the  mill  are  preserved  in  the  same  direction,  althoufdi 
t^at  in  which  the  water-wheel  moves  is  changed,  are  so  truly 
ingenious  as  to  deserve  a  distinct  description^  ifiu^tratecl  by  dia*' 
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grams.  Let,  tben,  ab  (fig.  5.  pL  XXXV.)  be  a  section  of  die 
'Wdter-\(rheel,  1,  2,  S,  4,  5y  8cc.  its  floats,  cd  the  first  cog- 
"vcheel  upon  the  same  axis  as  the  water-wheel  >:  the  vertical  shaft 
PE  carries  the  two  equal  wallower-wheels  e  and  f,  which  are 
so  situated  on  the  shaft  that  one  or  other  of  them  may,  as  oc- 
casion requires,  be  brought  to  be  driven  by  the  first  wheel  CD ; 
and  thus  (by  what  has  been  said  under  the  article  Reversing 
of  motions)  the  first  wheel  acting  upon  f  and  £  at  points  dia- 
inetrically  opposite,  will,  although  its  own  motion  is  reversed, 
communicate  the  rotatory  motion  to  the  vertical  shaft  always  in 
the  same  direction.  In  the  figure  die  wheel  E  is  shewn  in  gear, 
while  F  is  clear  of  the  cog-wbeel  cd;  and  at  the  turn  of  the 
tide  the  wheel  f  is  let  into  gear,  and  £  is  thrown  out :  this  is 
effected  by  the  lever  g,  whose  fulcrum  is  at  H,  the  other  end 
.being  suspended  by  the  rack  k,  which  has  hold  of  the  pinion 
\  on  the  same  axle  as  the  whe^  m  ;  into  this  wheel  plays  the 
pinion  n,  the  winch  o  on  the  other  end  of  whose  axle  fur- 
nishes sufficient  advantage  to  enable  a  man  to  elevate  or  de^ 
press  the  wallower-wheels,  as  required.  The  centre  of  the 
lever  may  be  shewn  more  clearly  by  tig.  6.  pi-  XXXV.  where 
ii6  is  a  section  of  the  lever,  which  is  composed  of  two  strong 
bars  of  iron,  as  ab :  there  are  two  steel  studs  or  pins  which 
■work  in  the  grooves  of  the  grooved  wheel  i,  this  wheel  being 
fixed  on  the  four  rods  surrounding  the  shaft,  of  which  threef 
only  can  be  shewn  in  the  figures,  as  c,d,e;  the  ends  of  these 
are  screwed  fast  by  bolts  to  the  sockets  of  the  wallawer-wheels,  * 
and  they  are  nicely  fitted  on  the  vertical  shaft  so  as  to  slide  with~ 
little  friction:  thus  the  wallowers  may  be  raised  or  lowered 
upon  the  upright  shaft,  wluie  the  gudgeon  on  xi'bich  it  turns 
'  tetaitis  the  same  position.  When  the  top  wallower  is  in  gear, 
it  rests  on  a  shoulder  that  prevents  it  from  going  too  far  down ; 
and  when  the  bottom  one  is  in  gear  there  is  a  bolt  that  ^oes 
tbroitgh  the  top  wheel  socket  and  shaft,  which  takes  the  weight 
iirom  tlie  lever  g,  at  the  same  time  that  it  prevents  much  fric- 
tion on  the  studs  or  pins  of  the  lever  which  works  in  the 
•crooved  wheel  i- 

When  the  tide  is  flowing,  after  the  miU  has  stopped  a  suffi- 
^ent  time  to  gain  a  moderate  head  of  water,  the  fluid  is  sufiered 
to  enter  and  fall  upon  the  wheel  at  the  sluice  q  (fig.  5.),  and 
,  the  tail-water  to  run  out  a|  tlie  sluice  r.  The  Hydrostatic 
.  pressure  ot  the  head  of  water  acting  against  the  ^bottom  of  the 
wheel-frame  s,  and  at  the  same  time  acting  between  the  told- 
iog-gates  TWf  >^  hich  are  thus  converged  into  k  very  large  hydro- 
static beJiow<i.  buo}s  up  4he  wheel  and  frame  (diough  weigh- 
flKg>  as  bttort  observed,  nearly  20  tons),  and  makes  them  gra- 
^ally  to  rise  higher  and  higher^  so.  that  the  wheel  is  never,  aa 
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the  workmen  express  it,  drowned  in  the  flowing  M^ter ;  nor 
€in  the  water  escape  under  the  wheel-frame,  bein^  prevented 
by  the  folding-gates,  which  pass  from  one  end  to  the  other  of 
tfiB  wheel.  In  this  way  the  wheel  and  frame  are  buoyed  up  by 
a  head  of  4  feet ;  and  the  mill  works  with  a  head  of  5  or  5} 
feet. 

When  the  tide  is  ebbing,  and  the  water  from  the  reservoir 
running  back  again  into  the  river,  it  might  perhaps  be  expected 
that  in  consequence  of  the  gradual  subsiding  of  the  water  the 
water->wheel  should  as  gradually  lower :  but  lest  any  of  the 
water  confined  between-  the  wheel-frame  at  s  and  thefolding« 
gates  TW  should  prevent  this,  there  are  stroi^  xackworks  of 
cast-iron,  by  which  the  wheel-frame  can  be  either  suspended  at 
any  altitude  or  gradually  let  down  so  as  to  give  the  water  re- 
turning from  the  reservoir  an  advantageous  head  upon  the 
wheel :  then  the  sluice  r  is  ^shut,  and  v  opened  as  well  as  x, 
the  water  entering  at  x  to  act  upon  the  wheel,  ^nd  flowing  out 
at  R.  The  upper  surface  of  the  wheel-frame  is  quadrangular, 
'  and  at  each  angle  is  a  strong  cast-iron  bar,  which  slides  up  and 
down  in  a  proper  groove,  that  admits  of  the  vertical  motion^ 
but  pevents  all  such  lateral  deviation  as  might  be  occasioned  by 
the  impulsion  of  the  stream.  ^ 

At  each  end  of  the  water-wheel  there  is  a  vertical  shaft,  with 
wallowers  and  a  first  cog-wheel,  as  f,  £,  and  cd  ;  and  each  of 
these  vertical  shafts  turns  a  large  horizontal  wheel  at  a  suitable 
distance  above  the  wallowers,  while  each  horizontal  wheel 
drives  4  equal  pinions  placed  at  equal  or  quadrantal  distances 
on  its  periphery,  each  pinion  having  a  vertical  spindle,  on  the 
upper  part  of  which  the  upper  millstone  of  its  respective  pair  is 
fixed.  Other  wheels  driven  by  one  or  other  of  these  pinions 
giving  motion  to  the  bolting  and  dressing  machines,  and  differ- 
ent subordinate  parts  of  the  mill. 

Although  the  vertical  shaft  at  each  end  of  the  water-wheel 
rises  and  falls  with  that  wheel,  yet  the  large  horizontal  wheel 
turning  with  such  shaft  does  not  likewise  rise  and  fall,  but  re- 
mains always  in  the  same  horizontal  plane,  and  in  contact 
with  the  four  pinions  it  drives.  The  contrivance  for  this  pur- 
pose is  very  simple,  but  very  efficacious  :  each  great  horizontal 
wheel  has  a  nave,  which  runs  upon  friction-rollers,  and  has  a 
square  aperture  passing  through  it  vertically,  just  large  enough 
to  allow  the  shaft  f  to  slide  freely  up  and  down  in  it,  but  not 
to  turn  round  without  communicating  its  rotatory  motion  to 
the  wheel:  thus  the  weight  of  the  wheel  causes  it  to  presA 
upon  the  friction-rollers,  and  retain  the  same  horizontal  planes^ 
and  the  action  of  the  angles  of  the  vertical  shaft  upon  the  cor- 
responding parts  of  the  square  orifice  in  the  nave^  causes  it  to 
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partake  of  the  rotatory  motion^  sach  motion  being  always  ia 
one  direction  in  consequence  of  the  contrivance  by  which  one 
or  other  of  the  wallowers  ef  is  brought  into  contact  with  the 
opposite  points  of  the  first  cog-wheel  cd. 

Several  of  the  subordinate  parts  of  this  mill  are  admirably 
constructed ;  but  w^e  can  only  notice  here  the  means  by  which 
the  direction  of  the  motion  in  the  dressing  and  bolting  machines 
may  be  varied  at  pleasure.  On  a  vertical  shaft  are  fixed,  at  the 
distance  of  about  15  or  18  inches^  two  equal  cog-wheels^  and  an- 
other toothed  wheel  attached  to  a  horizontal  axle  is  made  so  as  to 
be  moveable  up  and  down  by  a  screw,  and  thus  brought  into 
contact  with  either  the  upper  or  lower  of  the  two  cog-wheels 
on  the  vertical  shaft;  thus^  it  is  manifest  the  motion  is  reversed 
with  great  facility  by  changing  the  position  of  the  horizon^^  axl& 
so  that  the  wheel  upon  it  may  be  driven  by  the  two  cog-wheels 
alternately.  A  wheel  and  pioion  working  at  the  other  end  of 
the  horizontal  axle  will  communicate  the  motion  to  the  dressing- 
machines. 

Mr.  W.  Dryden,  Mr.  Lloyd's  foreman,  employed  in  the 
erection  of  this  mill,  suggests  that  a  nearly  similar  mode  may 
be  advantageously  adopted  in  working  the  dressing-machines  in 
wind-mills:  three  wheels,  all  of  different  diameters,  may  be 
employed,  two  of  them,  as  A  and  c,  turning  upon  a  vertical  shaft, 
and  the  third,  b,  upon  an  inclined  one.  In  fig.  10.  pi.  XXXV. 
the  wheels  a  and  b  are, shewn  in  gear,  while  c  is  out:  and  if  A 
be  struck  out  by  some  such  contrivance  as  is  adopted  with 
regard  to  the  first  cog-wheel  and  wallowers  (fig.  5. 6.),  c  would 
come  in  contact  with  b,  while  a  would  be  free,  and  so  commu* 
nicate  a  motion  to  b  the  reverse  way.  By  this  contrivance  it 
would  be  easy,  when  the  winds  are  strong  and  give  a  rapid 
moticHi  to  the  vertical  axle,  to  bring  c  to  drive  B  tfie  wheel  on 
the  axle  of  the  dressing-machines ;  and  on  the  contrary,  when 
the  wind  was  slack,  and  the  consequent  motion  of  the  machi- 
nery slow,  let  c  be  thrown  out  of  gear  and  the  wheel  b  driven 
by  the  larger  wheel  a,  as  shewn  in  the  figure. 

We  should  have  been  glad  to  see  adopted  in  this  well-con-t 
structed  mill  a  contrivance  recommended  and  pursued  by  the 
American  millwrights,  for  raising  the  ground  corn  to  the, 
cooling-boxes  or  beaches  from  which  it  is  to  be  conveyed  into 
the  bolting-machine.  In  this  mill,  as  in  all  we  have  seen,  the 
com  is  put  into  bags  at  the  troughs  below  the  mill-stones,  and 
thence  raised  to  the  top  of  the  mill-house  by  a  rope,  folding 
upon  barrels  turned  by  some  of  the  interior  machinery  of  the 
nulL  In  the  American  method  a  large  screw  is  placed  hori- 
zontally in  the  trough  which  receives  the  flour  from  the  mill- 
stones.   The  thread  or  spiral  line  of  the  screw  is  composed  of 
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pieces  of  ^'ood  about  two  inches  broad  and  three  long/ fixed 
into  a  wooden  cylinder  seven  or  eight  feet  in  length,  which 
forms  the  axis  of  the  screw.  When  the  screw  is  turned  round 
this  axis,  it  forces  the  meal  from  one  end  of  the  trough  to  the 
other,  where  it  falls  into  another  trough,  firom  which  it  is  raised 
to  the  top  of  the  mill-house  by  means  of  elevators,  a'piece  of 
machinery  similar  to  the  chain-pump.  These  elevators  consist 
of  a  chain  of  buckets  or  concave  vessels  like  large  tea-cups, 
fixed  at  proper  distances  upon  a  leathern  band,  which  goes 
round  two  wheels,  one  of  which  is  placed  at  the  top  of  the 
mill-house,  and  the  other  at  the  bottom,  in  the  meal-trough. 
When  the  wheels  are  put  in  motion,  the  band  revolves,  and  the 
buckets,  dipping  into  the  meal-trough,  convey  the  flour  to  the 
upper  story,  where  they  discharge  tfaeir  contents.  The  band  of 
buckets  is  inclosed  in  two  square  boxes,  in  order  to  keep  them 
clean,  and  preserve  them  from  injury. 

But  it  is  time  to  direct  our  attention, 

2.  To  tide-mills  in  which  the  axle  vfthe  water-wheel  neither 
rises  nor  Jails,  and  in  which  that  wheel  is  made  always  to  re* 
volve  in  the  same  direction. 

A  water-wheel  of  this  kind  must  manifestly  at  the  time  of 
high-tide  be  almost  if  not  entirely  immersed  in  the  fluid:  and 
to  construct  a  wheel  to  work  under  such  circumstance^  is, 
bbviously,  a  matter  which  requires  no  small  skill  and  ingenuity. 

The  first  persons  who  devised  a  wheel  which  might  be  turned 
by  the  tide,  when  completely  immersed  in  it,  were  Messrs. 
Gosset  and  de  la  Deuille.  Their  wheel  is  described  by  Belidor 
in  nearly  the  following  terms :  Suppose  gh  (fig.  1 2 .  pi.  X  A  XV.) 
to  denote  the  surface  of  the  water  at  high-tide,  the  hne  lm  the 
surface  at  low  water,  and  that  the  current  follows  the  direction 
of  the  arrow  N ;  the  problem  is  to  construct  the  wheel  such 
that  it  may  always  turn  upon  its  axis  ik.  The  figure  just 
referred  to  is  a  profile  of  an  assemblage  of  carpentry  which 
must  be  repeated  several  times  along  the  arbor,  accordmg  to 
the  length  which  it  is  proposed  to  give  to  the  float-boards;  and 
the  planks  or  plates  which  compose  these  floats  must  be  hung 
to  the  other  parts  of  the  frame  by  as  many  joints  as  are  neces^ 
sary  to  enable  them  to  sustain  the  impulse  of  the  water  without 
bending.  The  sole  peculiarity  of  this  wheel  consists  m  hang* 
iug  upon  the  transverse  beams  in  the  frame-work,  by  hinges, 
the  planks  which  are  to  compose  the  float-boards ;  so  that  Siej 
may  present  themselves  in  face,  as,  0,0,  n,  when  they  are  at 
the  bottom  of  the  wheel,  to  receive  the  full  stroke  of  the 
stream ;  and,  on  the  contrary,  they  present  only  their  edges,  as 
at  A,  A,  A,  when  ttkey  are  brought  towards  the  sununit  of  die 
wheel:  hence^  the  water  having  a  Car  greater  effect  upon  the 
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lower  than  the  upper  parts  of  the  wheel,  compels  it  to  revolre 
in  the  order  of  the  letters;  instead  of  which,  if  the  jQoat-boarda 
were  fixed,  as  in  the  usual  way,  the  impulse  of  the  fluid  upon 
the  wheel  would  be  nearly  the  same  in  all  its  parts,  and  it  would 
remain  immoveable. 

We  see,  at  once,  that  the  boards  d,  d,  d,  having  moved  to- 
wards M,  then  begin  to  float,  as  at  e,  b,  b,  and  more  still  at  F,  f,f, 
but  that  it  is  not  till  they  arrive  at  a,  a,  a,  that  they  attam  the 
horizontal  position;  after  that,  having  arrived  at  b,  b,  b,  they 
begin  to  drop  towards  the  beams  to  which  they  are  hooked,  and 
as  soon  as  they  have  passed  the  level  of  the  axle  ik,  the  stream 
commences^  its  full  action  upon  them,  which  it  attains  com- 
pletely between  c,  c,  c,  and  B,  E,  £»  and  this  whether  the  surface 
of  the  water  be  at  gh  or  at  hu ;  for  even  in  the  latter  case  it  is 
manifest  that  the  float- boards  are  entirely  immersed  when  in  the 
vertical  position  Pa.  Belidor  says  he  was  present  at  the  first 
trial  oF  such  a  wheel  at  Paris,  and  that  it  was  attended  vnth  all 
the  success  that  could  be  desired.  . 

:  A  water-wheel  has  been  lately  invented  by  Mr.  Dryden, 
which  will  work  when  nearly  immersed  in  the  water  of  a  flowing 
tide*  Fig.  4.  pi.  XX  W.  is  an  elevation  of  this  wheel,  its 
upper  parts  being  supposed  to  stand  a  foot  or  two  higher  than 
the  tide  ever  rises :  the  axis  of  this  wheel  remains  always  in  one 
place,  and  the  wheel  will  work  at  high  water  when  the  jiead  is 
Ht  B  atid  the  tail- water  at  the  dotted  line  a;  it  will  also  perform 
near!'/  the  same  work  when  the  head  is  at  c.  and  the  tail  water 
level  with  the  bottom  of  the  wheel.  The  floats  are  all  set  at 
one  and. the  same  angle  >vith  the  respective  radii  of  the  wheel, 
as  may  be  seen  in  the  figure,  and  are  made  so  as  to  have  an 
opening  of  at  least  an  inch  between  each  float  and  the  drum- 
boarding  of  the  wheel.  This  opening  is  intended  to  prevent 
the  wheel  from  being  impeded  by  the  tail-water;  for  as^  the 
bucket  rises  out  of  the  water  there  can  be  no  vacuum  formed 
in  it,  there  being  a  full  supply  of  air,  in  consequence  of  which 
the  water  leaves  the  wheel  deliberately.  The  case  is  different 
witli  regard  to  wheels  made  in  the  common  way :  for  if  such 
are  opnn  wheels,  the  floats  are  made  in  such  a  manner  as  to 
throw  the  tail-water  if  they  are  immersed  any  depth  in  it ;  or, 
if  they  are  close^  the  wheel  wants  proper  vent  for  the  air  to 
Ipreveut  the  formation  of  a  vacuum  in  the  rising  bucket,  or  what 
IB  called. by  the  miller/^  sucking  up  the  tail-water/'  At  d  is 
planking  made  circular  to  fit  the  wheel  pretty  close  for  rather 
more  than  the  space  of  two  iloats,  so  as  to  confine  the  water 
nearly  close  to  the  wheel.  £,  F,  G,  u,  are  sluices  which  are 
adl  connected  together  by  the  iron  bar  i,  and  lifted  with  the 
assistance  of  a  wh^el^  tyro  pinions^  and  a  winch;  th«  first  (Hnipn 
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working  into  the  rack  k  :  Aese  sluiced  are  merely  for  stopping 
the  wheel  when  occasion  requires,  although  one  might  be  suf- 
ficient to  supply  the  wheeL  The  rings  of  this  wheel  may  be 
lUde  either  of  cast-irtmor  of  wood;  the  floats  may  be  iron 
plates  rivetted  together.  The  flanches  on  the  arms  of  die  wbi^ 
exhibited  in  the  sketch  are  intended  ^£acilitate  the  fixing  of  the 
first  cog-wheel:  the  ring  of  the  wh^el  may  be  fixed  to  thd 
flanches  at  the  extremity  of  the  atms,  and  the  large  flaneh  tn^ 
fast  to  the  axle  will  receiTe  the  middle  part  of  the  wheel. 

Fig«  4.  pi.  XXXVII.  is  a  plan  of  the  house  in  which  either 
of  the  two  latter  wheels  may  be  fixed,  showing  in  what  manner 
the  water  may  be  conveyed  always  on  one  side  of  the  wheel  by 
the  assistance  of  the  four  gates  a  b,  c,  and  d.  When  the  mill  k 
working  from  the  river,  A  and  b  are  open,  the  arrows  point  oat 
the  way  the  water  runs  from  the  river  to  the  basin;  and  the 
dotted  lines  on  the  contrary  the  course  from  the  basin  to  th^ 
river,  when  a,  b,  are  shut,  and  c,  D,  opened.  These  gates  are 
made  to  turn  on  an  axle,  which  is  about  six  inches  from  die 
middle  of  the  gate :  and  on  the  top  of  the  axle  is  a  half- wheel : 
by  jome  crano-work  connected  to  it,  the  gate  can  be  opened  or 
shut  at  pleasure:  when  a  head  of  water  passes  against  the  gates^ 
they  will  open  great  part  of  the  way  of  themselves,  by  only  let- 
ting the  catches  that  keep  them  shut  be  lifted  out  of  their  place. 
X,  Y,  are  two  knees  of  cast-iron,  to  support  the  posts  that  thd 
gates  are  fix€d  to.  The  walb  of  the  building  are  represented 
at  a,  b,  c,  and  d. 

The  reader  will  now  be  able  to  form  an  estimate  of  the 
comparative  value  and  ingenuity  of  the  two  kinds  of  tide-mills 
here  described.  The  simplicity  of  construction  of  the  wheels 
of  Gosset,  de  la  Deuille^  and  Dryden,  recommended  them 
strongly;  but  we  entertain  some  doubts  of  their  being  com- 
pletely successful  in  practice :  had  the  ciTrious  wheel  with  the 
folding'gates,  &c.  figs.  5.  6.  pi.  XXXV.  been  placed  with 
its  axle  perpendicular  instead  of  parallel  to  the  course  of  the 
river,  the  water  might  then  have  always  been  admitted  to  act 
upon  the  same  side  of  it,  and  the  hydrostatic  pressure  would 
have  operated  as  completely  in  lowering  it  continually  during 
the  time  of  ebb,  as  in  raising  it  continuafly  during  the  rising  of 
the  tide :  thus,  as  appears  to  us,  would  the  labour  of  a  man  be 
saved,  who  according  to  the  present  construction  must  attend 
the  water-wheel;  and  all  the  additional  apparatus  now  requisite 
to  shift  the  s^ur-wheels  would  at  the  same  time  be  saved,  and  a 
consequent  diminution  of  original  expence. 

We  shall  annex  to  this  article  a  description  of  an  improve- 
ment on  tide-miUfl,  to  make  them  work  as  vtrell  at  high  and  l6*# 
wat^r  ds  any  other  time  of  tide^  hj  Afr.  John  Isaac  Hawkina. 
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Mr.  Hawkins'3  improvement  consists  in  having  a  reservoir  to 
be  filled  by  the  tide  at  high  water,  through  a  canal  furnished 
with  a  valve-sluice,  so  as  to  let  the  water  pass  into  the  reservoir, 
but  not  to  go  back  again  the  same  way.  Tlie  content  of  this 
reservoir  or  upper  pond  is  to  be  conveyed  by  the  usual  meatus 
over  or  under  a  water-wheel,  and  then  received  by  another 
reservoir  or  lower  pond,  where  it  is  retained  till  the  time  of 
low  water,  when  it  opens  another  valve-sluice,  and  discharges 
itself  into  the  river  or  sea,  from  whence  it  was  received.  Upon 
this  principle,  a  constant  fall  of  water  from  the  upper  into  the 
lower  pond  is  obtained  by  means  of  the  rising  and  falling  of  the 
tide,  and  that  without  requiring  any  person  to  attend  it ;  for^ 
whenever  the  water  is  higher  in  the  river  or  sea  than  in  the 
upper  pond,  it  will  open  tlie  sluice  and  fill  the  pond;  and 
whenever  it  is  lower  in  the  river  or  sea  than  in  the  lower  pond, 
the  weight  of  water  in  the  latter  will  open  the  lower  sluice. 

To  adopt  this  plan  in  places  whei^e  the  general  level  of  the 
land  is  about  half  way  between  high  and  low  water,  nothing 
iBore  would  be  necessary  than  to  dig  out  the  lower  pond,  and 
with  the  same  earth  make  an  emb^nkn^ent,  which  will  form  the 
upper.  ^  * 

The  same  principle  may  be  applied  to  those  tide-mills  already 
in  use,  that  work  forwards  auj  backwards.     Let  two  small 
ponds,  an  upper  and  a  lower,  be  dug,  each  capable  of  holding 
water  enough  to  turn  the  mill  about  two  hours:  these  may  be 
called  auxiliary  ponds,  and  jthe  original  one  the  main  pond.     Let 
there  be  two  ch^umeb  for  the  water  to  go  into  the  main  pond, 
on^  under  the  water-wheel,  and  the  other  merely  to  fill  the 
poi^d;  and  let  there  be  a  communication  from  the  water- 
wheel  chaimel  to  each  of  the  auxiliary  ponds,  as  well  as  from 
these  to  the  river  or  sea.    Then  may  the  motion  of  the  water- 
wheel  be  always  kept  up  with  due  force :  for,  during  the  rising . 
of  the  tide,  and  until  within  an  hour  of  high  water,  the  current 
would  be  under  the  water-wheel  and  into  the  main  pond  as 
usual;  but  the  force  of  the  tide  ihen  slackening,  the  commurii- 
catioQ  between  the  water-wheel  channel^  and  the  main  pond- 
must  be  shut,  and  the  current,  after  passing  the  wheel,  must  be ' 
turned  into  tjhe  lower  auxiliary;  at  the  same  time  die  tide  must* 
be  admitted  into  the  main  pond  through  the  other  channel,  and ' 
the  upper  auxiUary  likewise  filled.   By  the  time  the  lower  pond' 
is  full  the  tide  will  be  running  down  strong  enough  to  admit  of' 
the  wheel  being  turned  backwards,  in  the  ordinary  way,  by  the 
contents  of  the  main  pond  passing  back  through  the  water- 
wheel  channel.    This  will  continue  until,  about  an  hour  before 
low-water,  when  the  contents  of  the  upper  auxiliary  pond  roust 
be  carried  under  tl^  wthee),  and  then  disdiarged  inta  the  river 
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or  sea,  and  the  main  and  lower  auxiliary  ponds  allowed  to 
empty  themselves. 

We  willingly  give  place  to  this  improvement  in  the  forma- 
tion of  reservoirs  for  tide-mills,  because,  notwithstanding  the 
Sreat  utility  and  advantage  of  this  kind  of  machinery,  but  little 
as  been  published  relative  to  it  in  this  country.  {Retrospect^ 
No.  IS.) 

TURNING,  the  art  of  forming  hard  bodies,  as  wood,  ivory, 
iron,  into  a  round  or  oval  shape  by  means  of  a  machine  called 
a  lathe.  This  art  was  well  known  to  the  ancients,  and  seems 
to  have  been  carried  by  them  to  a  very  great  degree  of  per- 
fection; at  least,  if  we  believe  the  testimony  of  Pliny  and 
several  other  authors,  who  tell  us,  Aat  thbse  precious  vases  en- 
riched with  figures  in  half-relief|  which  still  adorn  pur  cabinets, 
were  turned  od  the  lathe* 

The  art  of  turning  is  of  considerable  importance,  as  it  con- 
tributes essentially  to  the  perfection  of  several  other  arts.  The 
architect  uses  it  for  many  ornaments  both  vrithin  and  without 
highly-finished  houses.  The  mathematician,  the  astronomer, 
and  die  natural  philosopher,  have  recourse  to  it,  not  only  to 
embellish  their  instruments,  but  also  to  give  them  the  necessary 
dimension  and  precision :  and  it  is  an  art  absolutely  necessary  to 
thegoldsmith,  the  watchmakes^  the  joiner,  and  the  smith. 

Turning  is  performed  by  the  lathe,  of  which  there  are  various 
Ifinds,  and  several  instruments,  as^ouges,  chisels,  drills,  formers, 
screw-tails,  used  for  cutting  what  is  to  be  turned  into  its  proper 
form  as  the  lathe  turns  round.  The  most  simple  kind  of  lathe 
is  a  well-known  instrument,  and  need  not  be  described  here : 
the  improved  lathes  manufactured  by  Mr.  Henry  Mauddajfy  of 
Margaret-street,  Cavendish-square,  are  the  most  curious  as 
well  as  the  most  useful  of  any  we  have  seen.  Mr.  J.  Farey^ 
jun.  who  took  the  drawings  of  these  elegant  specimens  of 
ipechanical  ingenuity,  has  accompanied  them  with  a  descrip- 
tion, neariy  as  below.  A  (pi.  XXXVI.  fig.  1.)  is  the  great 
wheel,  vvith  four  grooves  on  the  rim :  it  is  worked  by  a  crank  b 
and  treadle  c,in  tfie  common  way;  the  catgut  which  goes  ronnd 
this  wheel  passes  also  round  a  smaller  wheel  d,  called  the 
mandrel^  which  has  four  grooves  on  its  circumference  of 
different  diameters  for  giving  it  different  velocities,  correspond- 
ing with  the  four  grooves  on  the  great  wheel  A.  In  order  to 
make  the  same  band  suit,  when  applied  to  all  the  difierent 
grooves  on  the  mandrel  p,  the  wheel  a  can  be  elevated  or  depre5S-^ 
ed  by  a  screw  a,  and  another  at  the  other  end  of  the  axle ;  and 
the  connecting-rod  c  csin  be  lengthened  or  shortened  by  screw- 
ing the  hooks  at  each  end  of  it  further  out  of,  or  into  it.  The  end 
M,  fig.  2.,of  the  spindle  of  themanfirel  n,  is  pointed,  and  works 
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in  a  hole  in  the  end  of  a  screw,  put  through  the  standard  e, 
fig  1 . ;  the  other  end  of  the  bearing  f,  fig.  2.  is  conical^  and 
works  in  a  conical  socket  in  the  standard  f,  fig*  1  •  so  that  by 
tightening  up  the  screw  in  e,  the  conical  end  f  may  at  any  time 
be  made  to  fit  its  socket:  the  puppet  6  has  a  cylindric  hole 
through  its  top  to  receive  the  polished  pointed  rod  i^,  which 
is  moved  by  the  screw  e,  and  fixed  by  the  screyvf;  iht  whole 
puppet  is  fixed  on  the  triangular  prismatic  bar  h,  by  a  clamp 
ug.  8.,  the  two  ends  of  which,  a,  b,  are  put  through  holes,  b, 
in  the  bottom  of  the  puppet  under  the  bar,  and  the  whole  is 
fixed  by  the  screw -c  pressing  against  it:  by  this  means,  the 
puppet  can  be  taken  off  the  bar  without  first  taking  off  the 
standard  i,  as  in  the  common  lathes :  and  the  triangukr  bar  is 
found  to  be  far  preferable  to  the  double  rectangular  one  in 
common  use.  The  rest  j  is  a  similar  contrivance ;  it  is  in  three 
pieces ;  see  figs.  3.  4.  and  5.  Fig.  4.  is  a  piece,  the  opening 
(a,  bf  c,)  in  which  is  laid  upon  the  bar  h,  fig.  1. ;  the  four  legs 
addd  of  fig.  5.  are  then  put  up  under  the  bar  (into  the  recesses 
in  fig.  4.  which  are  made  to  receive  them)  so  that  the  notches  in 
dddd  may  be  level  with  the  top  of  fig.  4.,  the  two  beads  ef  'm 
fig.  S.  are  then  slid  into  the  notches  m  the  top  of  dddd,  fig.  4. 
to  keep  the  whole  together ;  the  groove  i  is  to  receive  a  corre- 
sponding  piece  on  ef\  fig.  3.,  to  steady  it ;  the  whole  of  fig.  3. 
has  a  metallic  cover,  to  keep  the  chips  out  of  the  grooves.  It  is 
plain,  that  by  t^htening  the  screw  h  in  the  bottom  of  fig.  4* 
the  whole  will  be  fixed  and  prevented  from  sliding  along  the 
bar  H,  and  fig.  3.  from  sliding  in  a  direction  perpendiculsir  to 
the  bar;  the  piece  /,  fig.  3.,  on  which  the  tool  is  Jaid,  can  be 
raised  or  lowered  at  pleasure,  and  fixed  by  the  screw  m.  .  On 
the  end  n  of  the  spindle  p,  figs.  1.  and  2.,  is  screwed  occasion- 
aUy  an  universal  chuck  for  holding  any  kind  of  work  which  is 
to  be  turned  (see  fig.  6.).  a  is  the  female  screw  to  receive  the 
screw  71,  fig,  1.;  near  die  bottom  of  the  screw  a  is  another 
screw  BB,  which  is  prevented  firom  moving  endways  by  a  collar 
in  the  middle  of  it  fixed  to  the  screw  a  :  one  end  of  the  screw 
BB  is  cut  right  handed,  and  the  other  left  handed \  so  that  by 
turning  the  screw  one  way,  the  two  outs  ef  will  recede  from 
each  other,  or  by  turning  it  the  contrary  way,  they  will  ad- 
vance  towards  each  other:  the  two  nuts  ef  pass  through  an 
opening  in  the  plate  c,  and  project  beyond  the  same,  carrying 
jaws  like  those  of  a  vice,: by  which  the  subject  to  be  turned  is 
held. 

,  For  turning  faces  of  wheels,  hollow  work.  Sec.  where  great 
accuracy  is  wanted,  Mr.  Maudslay  has  contrived  a  curious 
apparatus  which  he  calb  a  s/tV2e-^oo/,  represented  by  fig.  7.^ 
where  ebe  b  the  opening  to  receive  the  bar  u,  fig.  l.,,and  it  is 
fixed  by  the  clamp,  fig.  3.  bs  before  described:  the  tool  for 
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cutting,  8cc.  is  fixed  in  the  two  holders  bb  by  their  screws; 
these  holders  are  fastened  to  a  sliding-plate  a,  which  can.be 
moved  backwards  and  forwards  by  the  screw  c,  causing  Ifae 
tool  to  advance  or  recede ;  fig.  9.  represents  the  under  side 
ftumed  upward)  of  the  part  aa,  in  which  the  screw  c  is  seen 
fixed  deach  end^  and  the  nut  d,  which  is  attached  to  the  under- 
side of  the  plate  a^  working  upon  it.     When  it  is  necessary^  ti 
in  the  turning  of  the  inside  of  the  cones,  8cc«  that  the  tool  shouM 
not  be  parallel'  to  the  spindle  p,  the  screw  e  and  another  similar 
one  behind  must  be  loosened,  the  tool  set  at  the  proper  angle, 
and  then  be  screwed  tight  again.    In  order  to  make  the  piece 
AA  move  truly  when  itis  turned  round,  there  is  a  holej^  fig.  9, 
to  receive  a  knob  g,  fig.  14.,  updn  the  plate  b,  which  acts  as  a 
centre,  and  keeps  it  in  its  place  :  there  are  three  holes  on  eaiA 
side  in  the  plate  b,  fig.  12.,  to  put  the  screw  e  in  at  different 
times,  thus  giving  to  the  tool  a  greater  range  than  the  circular 
openings  s  s  will  admit  The  part  eeee,  represented  separately, 
and  inverted  in  fig.  10.  is  of  cast  iron,^  and  has  a  screw  h  work- 
ing in  it  simUar  to  fig.  9.  ,*  the  nut  of  this  screw  is  attached  to 
die  bottom  of  the  slide  h,  fig.  1 1.,  at  t,  which  slides  in  the  groove 
i,  figs.  7.  and  10.;  at  one  end  of  it  is  a  box  containing  a  screw  ffi^ 
to  be  hereafter  described,  and  at  the  other  is  a  frame  of  brass  kk< 
Near  the  same  end  of  the  slide  is  a  pin  l,  projecting  above  the 
plate,  which  is  put  through  an  opening,  j  in  fig.  1^,  to  steady  it^ 
while  the  other  end,  c  of  fig.  12.,  is  put  through  an  opening  M 
in  the  box  p,  fig.  11.    In  the  parte  is  an  oblique  slit  U  to  receive 
a  stub  which  projects  from  the  bottom  of  the  nut  n,  worked  by 
the  screws,  fig.  11.:  by  this  arrangement  it  is  obvious  that  if 
the  screw  m  is  worked,  the  stub  of  the  nut  91,  acting  against  the 
slide  of  the  sht  //  as  an  inclined  plane,  will  move  it  eitfier  back* 
wards  or  forwards  through  the  opening  m  ;  a  metal  cover  r^ 
fig.  1 4.,  is  occasionally  put  over  the  opening  for  the  nut  n  and 
screw  m  to  prevent  the  chips  from  falling  in.     Near  the  four 
comers  of  the  frame,  fig.  12.,  are  four  small  projections  oooOf 
with  inclined  sides^  which  fit  into  the  four  openings  pppp  <if 
figs.  IS.  and  7. ;  these  openings  are  cut  out  in  two  brass  pfatef, 
which  are  screwed  on  at  right  angles  to  the  plates  bb,  figs.  7. 
dnd  13.;  the  ends  qqqq  of  these  plates  slide  between  the  edges 
of  the  frame  kk  and  the  box  d,  so  as  to  prevent  any  otiber 
motion  than  a  vertical  one.— -When  this  sHde-tool  is  used,  th^ 
puppet  G  is  to  be  removed  or  pushed  back  further  from  f,  and 
the  tool  is  put  upon  the  bar  h,  fig.  1.,  and  fixed  in  the  place  of 
the  rest  j  by  the  clamp  fig.  8^. ;  the  distance  from  the  centre  n 
is  adjusted  by  the  screw  A,  which  moves  the  slide,  fig.  11.  in  die 
grooves  i^figs.  7.  and  10.  with  the  whole  apparatus  upon  it:  hf 
the  screw  i»,  figs.  1.  and  ll.,  as  before  described,  the  Mte, 
fig,  12.y  may  be  moved  in  a  <b»ctio|]  perpendicular  to  die 
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bar  H/iig.  1.;  and  its  projections  oo  acting  against  tbe  slijts  pp^ 
figs.  7-  and  13.y  as  inclined  planes,  will  raise  or  lower  the  plate 
B  as  is  required. 

Tbe  tool,  which  has  been  before  fixed  in  the  holders  bb,  can 
be  set  at  the  proper  angle,  by  loosening  the  screw  e,  as  pre- 
viously described :  and,  lastly,  the  tool  with  the  holders  and 
slider  a  can  be  advanced  or  withdrawn  by  working  the-tcrew  €r. 
The  nuts  of  the  screws  c  and  A,  fig.  7.,  are  not  screwed  fast  to 
the  sliding  plates,  but  are  held  by  two  pins  ^,  fig.  11.,  which  fit 
into  grooves  u,  fig.  10.,  in  each  side  of  the  nut:  by  these  means, 
.the  sliding  plate  can  at  any  time  be  taken  out  by  only  unscrew- 
ing one  of  the  brass  sides  from  the  groove  2,  without  taking  out 
^the  screw  and  nut.     In  order  to  make  the  grooves  always  fit 
their  slides,  the  two  pieces  of  brass  yy,  fig.  7.,  which  compose 
the  sides  of  the  groove,  have  elliptic  holes  for  their  screws  v,  so 
as  to  admit,  \^hen  the  screws  are  slackened,  of  being  pushed 
•inwards  by  the  screws  xVj  which  work  in  a  lump  of  metal  cast 
with  the  part  AA.    . 

The  large  lathes  which  Mr.  Maudslay  uses  in  his  manufac- 
tory, instead  of  being  worked  by  the  foot,  as  represented  ia 
fig.  1.,  are  worked  by  hand ;  the  wheel  and  fly-wheel  which  the 
men  turn  v^  orks  by  a  strap  on  another  wheel,  fixed  to  the  ceil- 
ing directly  over  it ;  on  the  axis  of  this  wheel  is  a  larger  one, 
which .  turns  another  small  wheel  or  pulley,  fixed  to  the,  ceil- 
ing, directly  over  the  mandrel  of  the  lathe ;  and  this  last  has  on 
■its  axis  a  larger  one  which  works  the  mandrel  o,  by  a  band  of 
^  catgut.     These  latter  wheels  are  fixed  in  a  frame  of  cast-iron, 
^moveable  on  a  joint ;  and  this  frame  has  always  a  strong  tend- 
^cncy  to  rii«e  up,  in  consequence  of  the  action  of  a  heavy  weight; 
tlie  rope  from  which,  after  passing  over  a  pulley,  is  fastened  to 
tbe  frame :  this  weight  not  only  operates  to  keep  the  mandrel- 
band  tight,  when  applied  to  any  of  the  grooves  therein,  but 
•  always  makes  the  strap  between  the  two  wheels  on  the  ceiling 
fit.     As  it  is  necessary  that  the  workman  should  be  able  to  stop 
bis  lathe,  without  the  men  stopping  who  are  turning  the  great 
wheels  there  are  two  pulleys  or  rollers  (on  the  axis  of  the  wheel 
'•rer  the  lathe),  for  the  strap  coming  from  the  other  wheel  on 
the  ceiling ;  one  of  these  pulleys,  called  the  dead  pulley y  is  fixed 
to  the  axis  and  turns  with  it,  and  the  other  which  slips  round 
]t|  18  called  the  live  pulley:  these  pulleys  are  put  close  to  each 
■Other,  so  that  by  slipping  the  strap  upon  the  live  pulley  it  will 
not  turn  the  axis  ;  but  if  it  is  slipped  on  the  other  it  v^iU  turn 
with  it :  this  is  effected  by  an  horizontal  bar,  with  two  upright 
pins  in  it,  between  which  the  strap  passes.     This  bar  is  moved 
;in  mch  a  direction  as  will  throw  the  strap  upon  the  live  pulley, 
,J^  means  of  a  strong  bell-  spring ;  and  in  d.  contrary  direction  it 
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18  moved  b3L&  cord  fatten^  to  it,  which  passes  over  a  pulley,  and 
hangs  down  within  reach  of  the  workman's  hand :  to  this  cord  is 
fastened  a  weight,  heavy  enough  to  counteract  the  beU-s)[>ribg, 
amd  bridig  the  strap  up  to  the  dead  pulley,  to  turn  the  lathe ;  but 
wlien  the  weight  is  laid  v^on  a  little  sh^f,  prepared  for  the  pun- 
poBe,  ifae  sprhfg  will  act  and  stop  it. 

Mr;''Maudday  has  likewise  some  additional  apparatus  for 
cutting  the  teeth  of  wheels,  in  which  the  face  of  the  mandrel  d, 
fig.  1 .,  has  seventeen  concentric  circles  upon  it,  each  divided 
into  a  di'fierent  number  of  equal  parts,  by  small  holes.  There 
is  a  thin  stop,  x,  fig.  1.,  which  moves  round  on  a  screw,  fiked  in 
Hie  statidard  r :  this  stop  is  made  of  thin  steel,  and  is  so  fixed, 
that  when  it  is  turned  up,  and  its  point  inserted  into  any  of  the 
div].<iiofas  of  the  mandrel,  it  will  have  a  sufficient  spring  to  keep 
it  there :  the  wheel  to  be  cut  is  fastened,  by  means  of  a  chuck, 
to  the  screw  n,  and  after  it  has  been  turned,  and  brought  to  the 
proper  shape,  the  rest  j  is  to  be  taken  away,  and  the  slide^tool 
substituted :  a  square  bar  is  then  put  into  the  two  holders,  M, 
fig.  7. ;  this  bar  has  two  branches  for  holding  the  ends  of  a  spin- 
dle, near  one  end  of  which  is  a  pulley,  and  at  the  odier  are  four 
diisels,  fix^  perpendicularly  into  the  spindle  for  cuttkig  out  the 
teeth  (instead  of  the  circular  saw  commonly  Used) :  the  pulley  is 
turned  (with  the  intervention  of  several  wheels  to  augment  ^ 
velocity)  by  the  same  great  wheel  as  Ae  lathe,  with  7S00  revo- 
lutions per  minute;  the  mandrel  is  then  fixed  by  the  stop  or, 
fig.  1.,  and  the  cutter  advanced  towards  the  wheel,  by  the  screw 
c,  fig.  7.  Wh^  it  has  cut  that  too&,  the  cutter  is  withdrawn, 
and  the  mandrel  turned  to  another  division,  and  a  tooth  is  cut 
again  as  before.  At  that  part  of  the  frame  of  the  cutting- 
spindle  where  the  bar  which  is  fixed  in  the  holders  of  the  slide^ 
tool  connects  widi  the  two  iM'anches  there  is  a  joint,  by  which 
the  cutting-spindle  can  be  set  in  an  inclining  position,  for  cut- 
tii^g  oblique  teeth  like  those  which  are  to  work  with  an  endless 
screw.  'He  great  velocity  with  which  this  spindle  turns  soon 
geherates,  by  friction  and  resistance,  a  degree  of  heat  sufficient 
to  expand  it  very  sensibly :  but  this  ingenious  mechanist,  fore- 
seeing sUch  a  circumstance,  has  judiciously  compensated  for  it 
in  his  construction,  by  making  the  spindle  so  short  as  to  play 
loosely  in  its  sockets  at  the  commencement  of  the  motion;  but 
after  a  few  seconds  the  expansion  is  such  as  to  cause  the  whole 
to  fit  together  as  it  ought  to  do,  and  the  work  of  cutting  to  pro- 
ceed with  accuracy  and  safety. 


Another  skilful  mechanic,  Mr.  Snutri,  of  Ordnance  Wharf, 
Westminster,^  whose  chitnney<K:leate8ers  and  saws  have  beett  ib- 
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ticed  in  earlier  parti  of  this  YolHme^  has  made  soihS  very  useful 
imjiroveiiients  in  the  art  of  turnings  and  partietdarly  has  struck 
out  a  simple  method  of  turning  cylinders  and  cones^  in  wood. 
The  figrures  to  illustrate  his  turning  machinery  are  given  in  pi. 
XXVl.  (figs.  3. 4.)^  where  the  legs  or  stiles  l,  the  puppets  a,  b, 
the  cheeks  o,  o,  the  pikes  and  scfews^  m^  n,  e,  with  the  handle 
py  are  but  slightly  varied  from  the  usual  construction.,  Round 
the  mandrel  e  passes  a  band  f,  f^,  which  abo  encompasses  a 
lai^e  wheel  not  shewn  in  the  figure ;  and  when  this  large  wheel 
18  turned  round  with  moderate  swiftness,  it  communicates  a 
rapid  velocity  to  the  mandrel  £,  and  the  loi^  piece  of  wood  o, 
which  is  proposed  to  be  made  cylindrical.  This  piece  is  pre* 
vieusly  hewn  into  an  octagonal  form.  The  cuttitig-fram^  h 
eontams  a  sharp  iron  tool,  which  is  to  answer  the  purpose  of 
&e  common  tuming-souge,  and  ^hich  is  fitted  into  the  frame 
so  as  to  project  a  little  beyond  its  inner  part,  after  the  mannet 
of  a  carpenter's  plane-iron  for  round  or  ogee  work.  Then, 
while  the  piece  6  is  turning  swiftly  round  by  a  man  working  at 
the  great  wheel,  anothe^  man  pushes  the  frame  h  gently  on  from- 
L  towards  m,  the  lower  patt  of  that  frame  fitting  between  the 
cheeks  o,  o,  and  sliding  along  between  them.  By  this  process, 
tlie  piece  G  is  reduced  to  a  cylinder,  moderately  smooth  ;  and, 
in  order  to  render  the  smoothness  as  complete  as  need  be,  a  iBe*^ 
cond  cutter,  and  its  frame  i^  adapted  to  a  radier  smaller  cylinder 
than  the  former,  is  pushed  along  in  like  manner  from  l  to  m. 
This  operation  may  be  performed  with  siich  speed,  that  a  very 
accurate  cylinder  of  6  feet  long,  and  4  inches  diameter,  may  be 
fixed  to  the  lathe  and  turned  in  much  less  than  a  minute. 

Mr.  Smart  turns  a  conical  end  to  one  of  these  cylinders  with 
great  facility,  by  means  of  a  cutting-blade  fixed  in  an  irpn  hollow 
conical  firame  K,  the  smaller  ^nd  of  which  admits  tlte  pike  ftom 
the  screw  s  (fig.  4.),  to  which  one  end  of  the  cylinder  6  is  at- 
tached :  as  the  cylinder  turns  rapidly  round,  the  cutter  K  is  con- 
ducted gently  along  it  by  means  of  the  hollow  frame,  and  soon 
gives  the  conical  shape  to  the  end  of  the  cylinder,  as  required. 

Excellent  lathes,  with  considerable  improvements,  are  like- 
wise made  by  Mess.  HoltzapiFel  andDeyerlein,  1 18,  Long  Acre. 

Some  important  directions  for  turning  Screws,  ovals,  ^ubes, 
rose-work,  swash-work,  &c.  may  be  seen  in  Moxon^s  Mechanic 
Esercists:  the  insertion  of  them  here  would  occupy  more  room 
diao  is  compatible  with  the  plan  of  diis  work.  See  also^ ''  Tour 
pour  feire  sans  Arbre  toutes  Sortes  deVis,  par  M.  Grandfean" 
kk  ^^  Reou^  des  Machines  et  Inventiotts^  approuv6es  paf 
TAcad.  Rojk  des  Sciences,''  torn,  v.;  and  Mr.  HeaWs  atethed 
0f  Cttttine  sCfews  in  &e  eommon  tuniiag-lathe^  in  Tillocfa'i  Phil. 
Mag.  vou  wk^ 
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WATCH,  a  small  portable  machine  for  measuring  time ;. 
having  its  motion  commonly  regulated  by  a  spiral  spring.  Per- 
haps, strictly  speaking,  watches  are  nil  such, movements  as  shew 
•the  parts  of  time ;  as  clocks  are  such  as  publish  them,  by  strik- 
ing on  a  bell,  &c.  But  commonly,  the  term  watch  is  appro- 
})riated  to  such  as  are  carried  in  the  pocket ;  and  clock  to  the 
arge  movements,  whether  they  strike  the  hour  or  not. 

Spring  or  Pendtilum  Watches  stand  pretty  much  on  the 
same  principle  with  pendulum  clocks.  For  if  a  pendulum,  de- 
scribing small  circular  arcs,  make  vibrations  of  unequal  lengths^ 
in  equal  times,  it  is  because  it  .describes  the  greater  arc  with  a 
greater  velocity;  so  a  spring  put  in  motion,  and  making  greater 
and  less  vibrations,  as  it  is  more  or  less  stiff,  and  aa*  it  has  a 
g;reater  or  less  degree  of  motion  given  it,  performs  them  nearly 
in  equal  times.  Hence,  as  the  vibrations  of  the  pendulum  had 
been  applied  to  large  clocks,  to  rectify  the  inequality  of  Iheir 
motions ;  so  to  correct  the  unequal  motibns  of  the  balance  io 
watches,  a  spring  is  added,  by  the  isochronism  of  ^hose  vibra* 
tions  the  correction  is  to  be  effected.  The  spring  is  usnaUy 
wound  into  a  spiral ;  that,  in  the  little  compass  allotted  it,  it 
may  be  as  long  as  possible ;  and  may  have  strength  enough  not 
to  be  mastered,  and  dragged  about,  by  the  inequalities  of  the 
balance  it  is  to  regulate.  The  vibrations  of  the  two  parts,  viz. 
the  spring  and  the  balance,  should  be  of  the  same  length ;  but 
so  adjusted,  as  that  the  spring,  being  more  regular  in  the  length 
of  its  vibrations  than  the  balance,  may  occasionally  communicate 
its  regularity  to  the  latter. 

Striking  Watches  are  such  as,  besides  the  proper  watch- 
part  for  measuring  of  time,  have  a  clock-part  for  striking  the 
hours,  &c. 

Repeating  Watches  are  such  as  by  pulling  a  string,  &c. 
repeat  the  hour,  quarter,  or  minute,  at  any  time  of  the  day  or 
night.  This  repetition  was  the  invention  of  Mf .  Barlow,  and 
first  put  in  practice  by  him  in  larger  movements  or  clocks  about 
the  year  1676.  The  contrivance  immediately  set  the  other 
artists  to  work,  who  soon  contrived  divers  ways  of  effecting  the 
same :  but  its  application  to  pocket-watches  was  not  known 
before  king  James  the  Second^s  reign ;  when  the  ingenious  in- 
ventor above  mentioned,  having  directed  Mr.  Thompson  to 
make  a  repeating  watch,  was  soliciting  a  patent  for.  the  same. 
The  talk  of  a  patent  engaged  Mr.  Quare  to  resume  the  thoughts 
of  a  like  contrivance,  which  be  had  had  in  view  some  years  be- 
fore :  he  now  effected  it ;  and  being  pressed  to  endeavour  to 
prevent  Mr.  Barlow's  patent,  a  watch  of  each  kind  was  pro* 
duced  before  the  king  and  council ;  upon  trial  of  which,  the 
preference  wa$f  given  to  Mr.  Quare's.    The  difference  between 
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them  waSy  that  Barlow's  was  made  to  repeat  by  pushing  in  two 
pieces  on  each  side  the  watch-box ;  one  of  which  repeated  the 
hour,  and  the  other  the  quarter  :  whereas  Quare's  was  made  to 
repeat  by  a  pin  that  stuck  out  near  the  pendant,  which  being 
thrust  in  (as  now  it  is  done  by  thrusting  in  the  pendant  itself), 
repeated  both  the  hour  and  quarter  with  the  same  thrust. 

Of  the  Mechanism  q/'a  Watch,  properly  so  called.  Watches, 
as  well  as  clocks,  are  composed  of  wheels  and  pinions,  and  a 
regulator  to  direct  the  quickness  or  slowness  of  the  wheels,  and 
of  a  spring  which  communicates  motion  to  the  whole  machine. 
But  the  regulator  and  spring  of  a  watch  are  vastly  inferior  to 
the  weight  and  pendulum  of  a  clock,  neither  of  which  can  be 
employed  in  watches.  Instead  of  a  pendulum,  therefore,  we 
are  obliged  to  us&a  balance  (pi.  XXXIII.  fig.  1.)  to  regulate 
the  motion  of  a  watch ;  and  a  spring  (fig.  2.)  which  serves  in- 
stead of  a  weight,  to  give  motion  to  the  wheels  and  balance. 

The  wheels  of  a  watch,  like  those  of  a  clock,  are  placed  in  a 
frame  formed  of  two  plates  and  four  pillars.  Fig.  3.  represents 
the  inside  oT  a  watch,  after  the  plate  jf fig.  4.)  is  taken  oiF.  a  is 
the  barrel  which  contains  the  spritig  (ng.  2.) ;  the  cliain  is  rolled 
about  the  barrel,  with  one  end  of  it  fixed  to  the  barrel  A,  (fig. 
5.),  and  the  other  to  the  fusee  b. 

When  a  watch  is  wound  up,  the  chain  which  was  upon  the 
barrel  winds  about  the  fusee,  and  by  this  means  the  spring  is 
stretched ;  for  the  interior  end  of  the  spring  is  fixed  by  a  hook 
to  the  immoveable  axis  about  which  the  barrel  revolves;  the 
exterior  end  of  the  spring  is  fixed  to  the  inside  of  the  barrel^ 
which  turns  upon  an  axis.  It  is  therefore  easy  to  perceive  how 
the  spring  extends  itself,  and  how  its  elasticity  forces  the  barrel 
to  turn  round,  and  consequently  obliges  the  chain  which  is  upon 
the  fusee  to  unfold  and  turn  the  fusee  :  the  motion  of  the  fusee 
is  communicated  to  the  wheel  c  (fig.  5.) ;  then,  by  means  of  the 
teeth,  to  the  pinion  c,  which  carries  the  wheel  d  ;  then  to  the 
piniou  d,  which  carries  the  wheel  £ ;  then  to  the  piiuon  e,  which 
carries  the  wheel  f  ;  then  to  the  pinion  ff  upon  which  is  the 
balance-wheel  g,  whose  pivot  runs  in  the  pieces  a  called  the 
potance^  and  b  called  sl  follower,  which  are  fixed  on  the  plate 
fig.  4>.  This  plate,  of  which  only  a  part  is  represented,  is  ap- 
plied to  that  of  fig.  3.  in  such  a  manner  that  the  pivots  of  the 
wheels  enter  into  holes  made  in  the  plate,  fig.  3.  Thus  the  im« 
pressed  force  of  the  spring  is  commmiicated  to  the  wheels :  and 
the  pinion^  being  then  connected  to  the  wheel  f,  obliges  it  to 
turn  (fig.  5.).  This  wheel  acts  upon  the  palettes  of  the  verge 
1,  2  (fi^.  1.),  the  axis  of  which  carries  the  balance  hh  (fig.  1.). 
The  pivot  I,  in  the  end  of  the  verge,  enters,  into  the  hole  c  int 
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the  potsince  a  (fig.  4.).  In  this  figure  the  palettes  are  repre- 
sented ;  bi|t  thle  balance  is  on  the  other  aide  of  ike  platt,  ss 
may  be  seen  in  fig.  6.  The  pivot  3  of  the  balance  enters  into 
a  hole  of  the  cock  bc  (fig.  7.)  a  perspective  view  of  which  is 
represented  in  fig.  8.  Thus  the  balance  turns  between  the  cock 
and  the  potauce  c  (fig.  4.),  as  in  a  kind  of  cage.  The  action  of 
the  balance-wheel  upon  the  palettes  1,  2  (fig.  1.)^  is  the  same 
with  what  we  have  described  with  regard  to  the  sdme  wheel  i|i 
the  clock ;  i,  e.  in  a  watch,  the  balance-wheel  obliges  the  ba^ 
lance  to  vibrate  backwards  and  fon^ards  like  a  pendulum.  At 
each  vibration  of  the  balance  a  palette  allows  a  toodi  of  the  ba- 
lance-wheel to  escape ;  so  that  the  quickness  of  the  motion  of 
die  wheels  is  entirely  determined  by  the  quickness  of  the  vibra^ 
tions  of  the  balance ;  and  these  vibrations  of  the  balance  and 
motion  of  the  wheels  are  produced  by  the  action  of  the  spring. 

But  the  quickness  or  slowness  of  the  vibrations  of  the  balance 
depends  not  solely  upon  the  action  of  the  great  spring,  but 
chiefly  upon  the  action  of  the  spring  a,  b,  c,  called  the  spiral 
spring  (fig.  9.),  situated  under  the  balance  h,  and  represented 
in  perspective  (fig.  6.).  The  exterior  end  of  the  spiral  is  fixed 
to  the  pin  a  (fig.  9.).  This  pin  is  applied  near  the  plate  in  a 
(fig.  6.) ;  the  interior  end  of  the  spiral  is  fixed  by  a  peg  to  the 
centre  of  the  balance.  Hence  if  the  balance  is  turned  upon 
itself,  the  plates  remaining  immoveable,  the  spring  will  extend 
itself,  and  make  the  balance  perform  one  revolution.  Now, 
after  the  spiral  is  dius  extended,  if  the  balance  be  left  to  itself, 
the  elasticity  of  the  spiral  will  bring  back  the  balance,  and  in 
this  manner  the  alternate  vibrations  of  the  balance  are  produced. 

In  fig.  5.  all  the  wheels  above  described  are  I'epresented  in 
such  a  manner,  that  it  may  be  easily  perceived  at  first  sight  how 
the  motion  is  communicated  from  the  barrel  to  the  balance^ 

In  fig.  16.  are  represented  the  wheels  under  the  dial-plate  by 
which  the  hands  are  moved.  The  pinion  a  is  adjusted  to  the 
force  of  the  prolonged  pivot  of  the  wheel  d  (fig.  5.),  and  is  called 
a  cannon  pinion.  This  wheel  revolves  in  an  hour.  The  end 
of  the  axis  of  the  pinion  a,  upon  which  the  minute  hand  is  fixed, 
is  square ;  the  pinion  (fig.  10.)  is  indented  into  the  wheel  i, 
which  is  carried  by  the  pinion  a.  Fig.  11.  is  a  wheel  fixed  upon 
a  barrel,  into  the  cavity  of  which  the  pinion  a  enters,  and  upon 
which  it  turns  freely.  This  wheel  revolves  in  twelve  hours,  and 
carries  along  with  it  the  hour-hand. 

Such  in  brief  is  the  general  mechanism  of  a  watch  :  to  treat 
the  subject  to  the  extent  its  importance  demands  would'require 
a  volume :  some  parts  of  the  construction  are  further  explained 
under  the  words  balance  and  scapbmknt  in  this  volumei 


Mf .  BiUpt,  of  Cl^keqwdU,  has  latdlj  invented  a  very  simple 
4^eating  watch,  in  which  the  motion  is  performed  with  much 
fewer  parts  thaq  ia  the  usual  coastructioo,  by  wiuch  n^e^ns  he 
is  enabled  to  reduce  the  price  ao  low  as  eight  giunea&.foragood 
repeater  oi^  this  priacip^  or  to  add  the  repeating- work  to  an- 
<llher  watch  for  three* 

The  method  by  wltich  this  i^peater  is  sgo  pouich  simjp^ifi^  i^ 
tiy  the  use  of  a  single  psu't,  90  contrived  aa  to  perform  the  ope- 
rations of  several:  this  is^  a  fiat  ring,  or  centreless  wheels  of, 
n^i^rly  the  san^e  diaoieter  as  the  watcb^  ^pported  in  it^  plac^ 
so  as  to  admit  of  circular  i^atioB,  by  fwr  grooved  puU^yt^ 
placed  rcmnd  its  ex:tel*aal  circumferenco,  in  the  s^niei  lu^nq^  a^^ 
the  part  ia  common  cV)cks  which  d^aotes  the  iqoqo's  age.  Ttu* 
part  is  put  in  motion  by  tura'mg  the  pendant^  whose  extremity 
19  formed  into  a  small  vertical  wheels  which  works  in  teet^  cut 
cm  the  external  part  of  the  fli^t  ring  for  almost  a  third,  oi  ita  c\i^* 
.  <;umfereiice.  The  lower  part  of  die  ri^g  coQtaina  the  j^s,  at 
eight  apgles  to  its  face,  which  lift  the  hammers  foi:  striking^  |h^ 
b^mrs  and* quarters;  the  internal  part  of  the  ring  contaius  iu* 
•dentations  of  regularly  iocrea^iug  depths,  which,  receiving  the 
^aiils  of  the  levers,  whose  other  extreniities  are  pressed  by  their 
SF^QgA  agaiust  the  hoMr-saail  ^^A  the  quarter-snail,  is  by  them 
IMfevepted  from  movii^  bf yood  a  c^tam  degree  proper  for  the 
time :  after  the  pendant  is  turned,  the  ring  is  brought  buck  to 
iti  first  position,,  by  a  bo^-afmng^  round  which  a  fine  chain  is 
collect  \(^hpse  extremity  is  connected  with  the  inner  part  of  the. 
ciag. 

By  tmming  the  pendaut  to  the  left  the  hour  is  struck,  and  by 
taming  it  to  the  right  the  quarters  aj e  repeated  i  and  the  re- 
^turning  spri^  Just  mentioned.^  made  to  operate  in  both  di"^ 
xec^O^s,  by  its  chiup  passiag  betw:een  two  little  pulleys,  which 
on  ejtl^er  side  convert  the  d^pectiop  o(  ik^  chain  to  the  line  o£ 
tracUon  of  the  spring. 

Hlence  it  isi  evidei^  thif  single  flat  ring  petform^  all  the  fot> 
lowiiig  operations. 

!•  It  receives  the  motion  foj^  %(nking  t^  hour  from  die  pen* 
dant. 

2.  —  The  same  for  striking  the  quarters. 

3.  It  carries  the  pms,  or  t^th,  which  lift  die  hour-hammer. 

4.  —  The  same  for  die  qu^rter-hamm^r^ 

5.  It  contai9s  the  indeuts^timp^  by  ydiicli^  the  hoiMrSimiil  ope- 

rates on  it  by  its  le^er. 
Ci.  ---^  The  s«me,  by  vvhich  the  qujartep-snstfl  opier^te^  qu  it- 
%  It  ^airries  the  part  thut  re<rOua  th#  movement  which  tells 

the  homr  to  its  first  position. 
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•  8.  It  carries  the  part,  for  the  same  purpose,  fdr  the  quarter- 
movemjetit. 

9.  It  contains  a  cavity,  which  moves  over  a  fixed  phi,  that 
prevents  the  peiidant  from  turning  it  too  far. 

In  this  ring,  the  same  parts,  in  three  instances,  are  made  to 
perform  double  operations,  by  which  simplicity  of  construction 
1^  advanced,  apparently  to  its  greatest  extent. 

For  other  constructions  the  reader  may  consult  the  Panto^ 
logia. 

watchman's  Noctuary,  the  name  given  to  an  instru- 
ment lately  contrived  to  remedy  a  great  defect  in  an  important 
branch  of  the  police  of  great  cities,  that  of  night-watching. 
Every  twenty-four  hours  furnishes  some  instance  of  the  ineffi- 
cacy  of  the  present  system,  by  the  depredations  which  have 
been  committed  in  the  night,  or  by  the  fatal  accidents  which 
Occur  froto  a  neglect  of  giving  families  timely  warning  in  cases 
of  sudden  fires.  A  respectable  magistrate  (Samuel  Day,  Esq. 
of  Charter-house,  Hinton,  Somersetshire)  has  directed  his  at- 
tention to  the  application  of  a  mechanical  check  upon  the  dili- 
gence and  regularity  of  watchmen,  labourers,  and  all  other 
classes  of  men  whose  duty  requires  that  they  should  attend  at 
certain  places  at  appointed  times:  the  instrument  he  has  in- 
vented for  this  purpose  he  calls  a  Watchman^ s  noctuary ^  or  La-. 
tourer's  regulator. 

The  invention  consists  principally  of  a  large  horizontal 
wheel,  which  is  moved  uniformly  round  every  12  hours  by 
clock-work.  The  upper  side  of  this  wheel  is  divided  by  two* 
circles,  one  within  the  other;  the  outer  one,  or  periphery, 
having  the  hours  and  quarters  marked  on  it,  which  may  be* 
called  the  lateral  side ;  the  inner  circle  having  also  a  dial,  which 
may  be  called  the  vertical  one.  The  space  between  these  circles- 
or  dials  is  divided  into  cells,  each  cell  corresponding  with  a 
quarter  or  half-hour  of  the  different  hours  marked  on  the  dials ; 
and,  if  thought  proper,  the  cells  might  be  so  multiplied,  as  that 
each  would  correspond' within  a  period  of  five  minutes.  Such 
is  the  upper  side  of  the  horizontal  wheel,  which  may  be  made  of 
copper,  or  tin,  or  various  other  materials,  and  is  about  9  inches 
in  diameter.  The  under  side  of  the  same  has  a  brass  wheel 
with  teeth,  diameter  3^  inches,  fixed  to  its  central  part ;  the  teeth 
of  which,  letting  in  with  those  of  a  smaller  wheel  or  pinion,  give 
motion  in  consequence  to  the  large  horizontal  wheel  (of  which 
it  forms  a  part)  by  the  motion  it  receives  from  the  pinion.  This 
pinion  bcfing  set  in  motion  by  the  common  clock-work  and  a 
weight  or  spring,  the  revolution  of  the  horizontal  wheel  is  com- 
pleted once  in  twelve  hours,  and  thus,  regularly  going  round. 
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will  at  all  times  shew  the  time  of  day  or  night.  As  it  mov6$> 
round  it  carries  the  cells  above-mentioned  under  a  kind  of  chink^ 
just  large  enough  to  receive  a  token  of  about  the  size  of  a  far«^ 
thing.  This  chink  sinks  down  from  an  external  brass  box, 
which  is  sufficiently  large  to  admit  a  man's  fingers  to  drop  in 
the  token  by  an  external  aperture  or  mouth  .of  the  chink,  the 
token  being  directed  perpendicularly  through  this  chink  ii^ta 
such  cell  as  is  immediately  under  it,  and  which  must  correspond 
with  the  time  of  night  or  day.  The  head  of  the  case  of  the 
machine  has  double  doors  in  front ;  the  outward  door  covers 
the  whole  face  together,  leaving  a  sufficient  space  above  the  ho->- 
rizontal  wheel  for  examining  the  tokens  and  taking  them  from 
the  cells,  or  for  removing  the  wheel  when  necessary.  A  smaller 
door  opens  in  this  large  one  upon  the  brass  box  abovementioned, 
the  opening  of  which  belongs  solely  to  the  watchman,  or  such 
other  person  as  may  be  required  to  use  the  same,  for  the  pur- 
pose of  seeing  the  time  and  dropping  his  tokens,  a  minute-dial 
also  being  placed  under  the  hour-index.  If  it  be  found  more 
convenient,  a  common  dial-plate^  to  shew  the  hours  and  minutes, 
may  be  placed  instead  of  the  minute-dial.  The  great  outer 
door  first  mentioned  is  to  be  opened  only  by  the  inspector  or 
examiner  of  the  tokens,  and  ought  to  be  well  secured ;  but,  for 
greater  safety,  both  against  thieves  and  weather,  there  is  an  in- 
side door,  in  which  the  fore-mentioned  brass  box  is  fixed ;  and 
this  inner  door  being  opened,  throws  into  view  the  horizontal 
wheel,  for  the  purpose  just  specified.  These  are  the  essential 
parts  of  the  invention :  the  different  appendages  may  be  vari* 
ously  modified. 

One  fiuch  instrument  as  this  being  placed  at  each  end  of  a 
watchman's  round,  it  will  be  ascertained  how  the  man  continued 
his  movements  through  the  night,  to  a  nicety  of  10  minutes  (or 
less  if  required)  at  any  period  of  the  watch ;  and  the.  slightest 
irregularity  or  omission  will  be  detected  the  next  morning  bj 
the  person  whose  office  it  shall  be  to  open  the  machine.  No 
trick  or  fraud  on  the  watchman's  part  can  counteract  the  move- 
ment of  the  horizontal  wheel  comprising  the  cells  into  which 
the  tokens  are  to  be  dropped ;  each  cell  is,  by  this  contrivance, 
like  time  itself,  irrevocable  whep  past:  the  watchman  has  no 
command  over  it,  and  the  whole  will  be  a  kind  of  speaking  wit- 
ness of  his  diligence  and  fidelity  in  going  his  rounds,  answering 
the  next  morning  to  the  exact  periods  he  either  was  or  ought  to 
have  been  there<  .  , 

By  this  means  &e  calls  of  the  watchmen,  which  were  only 
instituted  for  the  purpose  of  hist  giying  notice  of  being  on  his 
duty,  will  be  superseded ;  and  a  considerable  expence  of  animal 
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•lertion  will  be  sated  to  the  iadividiuiU  which  inigbt  better  be 
converted  ivXq  that  of  going  his  rounds  twice,  where  be  now 
only  goes  once,  WarDings  lo  the  nightly  thief  of  timely  atts^^k 
or  retreat  will  likewise  be  taken  away ;  and  if  instead  of  an  open, 
the  watchman  was  to  carry  a  darky  laathorn,  the  robber  would 
have  no  security  whatever  ia  calculatimg  the  moment  of  his 
depredation,  and  might  be  detected  in  the  very  outset  of  his  at^ 
tackf  as  the  slightest  sound  would  alarm  the  watchman  walking 
in  silencei  and  not  drowning  distant  noise  by  that  of  his  own  voice* 

The  same  machine  will  answer  in  custom-houses,  ware-houses, 
banking-houses,  manufactories,  bleachinf^groupds,  and  every 
place  where  watching  or  other  attendance,  to  be  usefiil,  must 
be  exact :  even  sentinels  on  military  duty  might  be  require  to 
leavei  tokens  as  memorials  of  their  vigilance. 

Mr.  Day  has,  we  understand,  obtained  the  usual  patent  £ar 
securing  to  himself  the  right  of  making  and  selling  diis  inslru^ 
ment ;  yet  surely  not  to  the  exclusion  of  others  invented  for  dN 
same  purpose :  for  the  late  Marquis  of  Exeter  informed  the 
public  more  than  three  years  ago,  through  the  medimo  of 
Nicbolson^s  Philosophical  Journal)  that  a  clock  for  a  similar 
purpose  had  been  invented  by  Messrs.  Bouiton  and  Watt  of 
Siirmingham,  which  costs  no  more  than  thirty  sbiUinga*  His 
lordship  had  then  had  two  of  them  at  Burleigh- (lall  moj^.  tbaii 
four  years;  and  he  gives  the  following  description  gif  them: 
^<  They  go  eight  days,  and  have  a  face  uke  a  clocks  but  do  not 
strike.  The  dial  goes  round  and  the  hQur^finger  is  fix^ :  r^und 
the  edge  of  the  dial  are  moveable  iron  pina^  corresponding  with 
the  quarters  in  each  hour.  A  small  hammer  placed  behind  the^ 
hom-fingery  when  moved  downwards,  pushes  into  the  dial  one 
of  the  pins  which  happens  to  be  under  it  at  the  tima,  which  pin 
remains  so  abased  until  the  dial  nearly  returns  to  the  sam^  place, 
when  by  an  inclosed  plane  the  pin  is  raised  up  into  its  first  por 
sition.  This  gives  time  to  have  the  machine  examined  in  the 
moniing,  to  see  how  many  pins  have  been  struck^  and  at  what 
time  they  were  pushed  downwards*  The  hammer  is  moved 
hy  the  pulling  of  a  chain  with  a  handle?  like  h^use-door  bells, 
which,  by  cranks  and  ^Yires,  is  attached  to  it.  I  have  one  m 
my  library,  the  handle  is  out  of  doors.  The  other  machine  is 
ptaced  in  a  building  at  the  other  end  of  my  premises." 

WATER-MILLS,  the  general  tern  by  which  aU  kinds  of 
mUls  whicli  have  a  stream  of  w^atier  for  ^air  first  mover»  are 
designated,  llie  term  is  also  sometimes  applied  t^  ii^fhin^is 
driven  hy  wind,  for  the  purpose  of  drainii^  water  o^t  of  fen 
lands ;  but  it  is  with  more  propriety  €Oo6«f4  lf(  the  pf acedipg 
acceptation. 
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it  is  not  our  intention  in  the  present  article  to  enter  minntefy 
into  the  description  of  die  various  kinds  of  machinery  driven  by 
urater  as  an  active  power,  but  to  confine  ourselves  to  a  few 
general  remarks  upon  the  construction  of  that  part  only  which 
is  essential  to  water-mills,  the  water-wheel :  for  the  axis  of  thf« 
wheel  may  be  employed  to  transmit  the  force  impressed  upon  it 
to  any  species  of  machinery,  A  concise  view  of  the  theory  of 
water-wheels,  together  with  a  tolerably  copious  statement  of  the 
experiments  and  results  of  Smeaton,  have  been  laid  before  the 
reader  in  book  iv.  of  our  first  volume ;  we  propose  now  to  pre- 
sent some  observations  on  their  shape,  magnitude,  and  velocity. 

The  most  general  division  of  water-wheels  is  into  two  kinds^ 
resulting  from  the  manner  in  which  the  fluid  is  made  to  dct : 
when -water  is  made  to  act  by  its  weight,  it  is  delivered  from 
die  spout  as  high  on  the  wheel  as  possible,  that  it  may  continue 
long  to  press  it  down  ;  but  when  it  is  made  to  strike  the  whefel^ 
it  is  delivered  as  low  as  possible,  that  it  may  have  previously  ac- 
quired a  great  velocity :  thus  are  the  wheels  said  to  be  overshot 
or  undershot.  The  four  kinds  of  wheels  mentioned  in  art.  467. 
vol.  1.  belong,  in  fact,  to  one  or  other  of  these  general  divisions. 

1.  An  overshot-wh^el  is  nothing  but  a  frame  of  open  buckets 
so  disposed  round  the  rim  of  a  wheel  as  to  receive  the  water 
delivered  from  a  spout  in  such  a  manner  that  one  side  of  the 
wheel  is  loaded  with  water  while  the  other  is  empty :  of  conse-^ 
quence  the  loaded  side  must  descend ;  and  by  this  motion  the 
fluid  runs  out  of  the  lower  buckets,  while  the  empty  buckets  of 
tfie  rising  side  of  the  wheel^  in  their  turn,  come  under  the  spout, 
and  are  tilled  with  water.  A  slight  inspection  of  the  figure  of 
an  overshot  water-wheel,  in  plate  XVIII.  of  our  first  volume, 
will  convince  the  student  of  the  impossibiUty  of  constructing 
the  buckets  so  as  to  remain  completely  filled  with  water  titl 
they  reach  the  bottom  of  the  wheel :  indeed,  if  the  buckets  are 
formed  by  partitions  directed  to  the  axis  of  the  wheel,  the- 
whole  water  must  be  run  out  by  the  time  that  they  have  de^ 
scended  to  the  level  of  the  axis ;  and,  of  consequence,  there 
must  be  a  great  diminution  in  the  mechanical  effect  of  the 
wheel.  Millwrights  have,  therefore,  turned  their  chief  atten- 
tion to  the  determination  of  a  form  for  the  buckets  which  shall 
enable  them  to  retain  the  water  along  a  great  portion  of  the 
circumference  of  the  wheel.  It  weutd  require  much  more  room 
than  we  can  assign  to  this  article,  to  describe  half  the  eeiitriv* 
aiices  which  have  been  proposed :  we  shall  therefore  only  men- 
tion one  pr  two  of  the  best,  as  described  by  Df.  Robison  in  die 
Encyclopedia  Britannica. 

In  fig.  1 1.  pi.  XXXII.  AM  repr^ents  part  of  the  shrouding 
or  ring  of  buckets  of  an  overshot-wheei  which  has  40  buckets. 
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The  form  of  one  of  these  buckets  is  shewn  by  gofabcb;  in 
Mrhich  the  sole  of  one  bucket  af  should  be  y  of  A£  the  depth 
of  the  shrouding,  and  the  shoulder  ab  of  the  bucket  should  be^ 
one  half  of  ae.  The  arm  bc  of  the  bucket  must  be  so  inclined 
to  the  shoulder  ab  that  hc  perpendicular  to  ahf  at  h  may  be, 
-^pf  ae;  and  the  wrest,  (or  probably  wrist)  of  the  bucket  cd 
s|ust  be  so^  inclined  to  Bcn,  the  direction  of  the  arm,  that  dm 
way  be  about  ^  of  eti. 

•  From  this  construction  it  follows,  that  the  area  H  abc  is  very 
nearly  equal  to  dabc  :  so  that  the  water  which  will  till  the  space 
BABc  will  all  be  contained  in  the  bucket  when  it  shall  come  into 
^uch  a  position  that  ad  is  a  horizontal  line;  and  the  line  ab  will 
then  make  an  angle  of  nearly  35°  with  the  vertical,  or  the  bucket 
will  be  35^*  from  the  perpendicular  passii^  through  the  axis.of 
.notion.  If  the  bucket  descend  so  much  lower  that  one-half  of 
the  .water  runs  out,  the  line  ab  will  make  an  angle  of  about 
24**^  with  the  vertical.  Therefore  the  wheel,  filled  to  the  de-.- 
free  now  mentioned,  will  begin  to  lose  water  at  about  f  of  the 
4ianieter  from  the  bottom,  and  half  of  the  water  wiU  be  dis- 
charged  from  the  lowest  bucket  about  t%  of  the  diameter  further 
4own,  Had  a  greater  proportion  of  the  buckets  been  filled  with 
water  when  they  were  under  the  spout,  the  discharge  would 
bave  begun  at  a  greater  height  from  the  bottom,  atid  a  greater 
portion  of  the  whole  fall  of  water  would  be  lost.  The  loss  by 
Ihe  preceding  construction  is  less  than  r^th  (supposing  the  water) 
to  be  delivered  into  the  wheel  quite  at  its  top),  and  may  be  cs-: 
timated  at  about  Tjth ;  for  the  loss  is  as  the  versed  sine  of  ihe; 
angle  which  the  radius  of  the  bucket  makes  with  the  vertfcal. 
The  versed  sine  of  25°  is  "18085,  nearly  fth  of  the  radius,  or 
^th  of  the  diameter.  Had  only  |  of  this  water  been  supplied 
to  each  bucket  as  it  passes  the  spout,  it  would  have  been  re* 
lained  for  10^  more  of  a  revolution,  and  the  loss  of  fall  would 
bave  only  been  about  Ath. 

The  bucket  has  been  much  improved  in  its  construction  by 
Mr.  Robert  Bums,  at  the  Cotton  Mills  of  Houston,  Burns,  and 
Co.,  at  Cartside,  Renfrewshire.  This  ingenious  millwright 
divides  the  bucket  by  a  partition  Bm,  concentric  with  the  sole 
and  rim,  and  of  such  an  altitude,  as  to  make  the  inner  and  outer 
portions  of  the  bucket  of  nearly  equal  capacity.  It  is  justly 
observed  by  Dr.  Robison,  that  Mr.  Burn's  principle  is  suscep- 
tible of  considerable  extension,  and,  when  the  practice  of  making 
the  water-wheel  of  iron  is  adopted,  he  recommends  the  use  of 
two  or  more  partitions ;  for  such  a  series  of  partitions,  though 
each  should  be  very  thin,  will  contribute  much  to  the  general 
firmness  of  the  whole  wheel.  In  consequence  of  this  contriv- 
ance the  fliiid  is  louiger  retained  io  the  descending  buckets :  and 
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/when  the  supply  of  water  is  very  scanty,  a  proper  adjustment  of 
the  apparatus  which  regulates  the  position  of  the  spout  will  di* 
rect  nearly  all  the  water  into  the  exterior  buckets,  and  thus,  by 
placing  it  at  a  greater  distance  from  the  axis,  sensibly  augment 
its  mechanical  energy.  The  doctor  suggests  also  that  the  breadth 
of  the  buckets,  or  the  rim  of  the  wheel,  should  be  tolerably 
large,  that  the  quantity  of  water  received  from  the  spout  may 
not  nearly  fill  the  bucket :  and  in  order  to  prevent  the  air  from 
impeding  the  rising  buckets,  or  as  the  watermen  term  it,  the 
buckets  from  sucking  up  tlie  tail-water,  he  advises  that  the 
shoulder  or  sturt  ab  of  each  bucket  be  perforated*  with  a  few 
holes.  As  to  the  spout  which  conveys  the  water,  it  should  be 
considerably  narrower  than  the  breadth  of  the  wheel ;  and,  a) 
Dr.  Brewster  justly  remarks,  this  distance  of  the  spout  from  the 
receiving  bucket,  should  in  general  be  two,  three^  or  four  inches,, 
that  the  water  may  be  delivered  with  a  velocity  a  little  exceeding 
that  of  the  rim  of  the  wheel;  otherwise  the  wheel  will  be 
retarded  by  the  impulse  of  the  buckets  against  the  stream,  and 
the  dashing  of  the  water  oter  would  occasion  ^  diminution  Qjf 
power* 

With  respect  to  variations  in  the  fall  of  water,  since  the 
active  pressure  is  measured  by  the  pillar  of  water  reaching  fron^ 
the  horizontal  plane  where  it  is  deUvered  on  the  wheel,  to  the 
horizontal  plane  where  it  is  spilled  by  the  wheel,  it  has  been 
concluded  that  the  pressure  must  be  proportional  to  the  wheel ; 
and  therefore  the  water  must  be  delivered  as  high,  and  retained 
as  long  as  possible.  This  maxim,  however,  is  subject  to  limita- 
tions, and  is  not  perhaps  strictly  consistent  with  sound  theory. 
When  the  fall  is  exceedingly  great,  a  wheel  of  an  equal  diameter 
becomes  enormously  big,  and  extremely  expensive.  In  cases 
like  this,  where  we  are  unwilling  to  lose  any  part  of  the  force 
of  a  fall-stream,  the  best  form  of  a  bucket- wheel  is  an  inverted 
chain  pump. 

The  velocity  of  an  overshot-wheel  is  a  matter  deserving  of 
great  care  and  attention ;  and  different  authors  ha^e  arrived  at 
very  opposite  conclusions  respecting  it.  The  most  accurate 
seems  to  be  that  an  overshot-wheel  does  the  more  \\lDrk  as  it 
Xnoves  slower :  the  popular  reasoning  adduced  to  prove  this,  has 
been  of  the  following  kind.  Suppose  that  a  certain  wheel  ha& 
SO  buckets,  and  that  6  cubic  feet  of  water  are  delivered  in  a 
second  on  the  top  of  the  wheel,  and  discharged  without  any  loss 
by  the  way,  at  a  certain  height  ffom  the  bottom  of  the  wheel. 
Xet  this  be  the  case  whatever  is  the  rate  of  the  wheel's  motion 
the  buckets  being  of  a  sufficient  capacity  to  hold  all  the  w^ter 
which  falls  into  them.  Suppose  this  wheel  employed  to  raise 
a  weight  of  any  kind^  water,  for  instance,  in  a  chain  ^f  30 
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buckets,  to  the  same  altitude  and  with  the  same  velocity.  Sup- 
pose^  farther,  that  M^hen  the  load  on  the  rising  side  of  the  ma- 
chine is  one  half  of  that  on  the  wheel,  the  wheel  mak^  4 
revolations  in  a  minute,  or  one  turn  in  15  seconds.  During 
this  time,  90  cubic  feet  of  Water  will  have  flowed  into  the  30 
buckets,  and  each  have  received  3  tabic  feet.  In  that  Case, 
each  of  the  rising  buckets  contains  ]  |  feet ;  aud  45  cubic  tett 
kff  delivered  into  the  upper  cistern^  during  one  turn  of  the 
Wlieel,  and  1 80  cubic  feet  in  one  minute. 

Now,  suppose  the  tnachine  so  loaded,  by  making  the  rising 
buckets  more  capacious,  that  it  makes  only  2  turns  in  a  minute, 
or  1  }urti  in  30  seconds.  Then  each  descending  bucket  must 
contain  6  cubic  feet  of  water.  If  each  bucket  of  the  rising  side 
contained  S  cubic  feet  the  motion  of  the  machine  would  be  the 
sktne  as  before.  This  is  a  point  none  will  controvert.  When 
two  pounds  are  suspended  to  one  end  of  a  string  Which  passes 
6teT  a.  pulley,  and  one  pound  to  the  other  end,  the  velocity  of 
descent  of  the  two  poinds,  will  be  the  same  with  that  of  a  four 
pbund  weight,  whteh  is  employed  in  the  same  manner  lo  dmw 
up  two  poundis.  Our  machine  would  therefore  continue  to  make 
four  turns  in  a  minute^  and  would  deliver  90  cubic  feet  during 
each  turn,  and  960  in  a  minute.  But,  by  supposition^  it  is 
inaking  only  two  turns  in  a  minute ;  which  must  proceed  from 
a  gteater  load  than  3  cubic  feet  of  rising  water  in  each  rising 
bucket.  The  machine  must  therefore  be  raising  more  than  99 
feet  of  water  during  one  turn  of  the  wheel,  and  more  than  isO 
in  a  minute. 

Thus  it  appears,  that  if  the  machine  is  turning  twice  as 
»low  as  before,  ifielne  is  more  than  twice  the  former  quantity 
in  the  rising  buckets ;  and  tnore  will  be  raised  in  a  minute  by 
the  same  expenditure  of  power.  In  like  manner,  if  the  machine 
go  three  times  as  slow,  tibere  must  be  tnore  than  three  times 
the  former  quantity  in  the  rising  buckets,  and  more  work  will 
be  done. 

But  farther  we  may  assert,  that  the  mx>re  we  retard  die  ma- 
chine to  a  certain  practical  extent,  by  loading  it  with  more 
work  of  a  similar  kind,  the  greater  will  be  its  performance ;  and 
the  truth  of  the  assertion  may  be  thus  demonstrated :  Let  us  call 
the  first  quantity  of  water  in  the  rising  bucket,  q  ;  the  watet 
raised  by  four  turns  in  a  minute,  will  be  4  x  30  x  g  == 
120  Q.  The  quantity  in  this  bucket,  when  the  machine  goes 
twice  as  slow,  has  been  shewn  to  be  greater  than  2q  ;  call  it 
2  Q  +  :f ;  the  water  raised  by  two  turns  in  a  minute  will  then 
be  2  X  30  X  (2  Q  +  jr)  n  I^Oq  +  60  ar.  Suppoirc,  next, 
the  machine  to  go  4  times  as  slow,  making  but  one  turn  in  a 
minute ;  the  rising  bucket  must  now  contain  )nore  than  twice 
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the  quantity  Sq  +  ^,  or  more  than  4<3  +  Sar,  call  it  4 q  + 
JB  Jr  +  j^.  The  work  done  by  one  turn  in  a  minute  inll  now  be 
SO  X  (4q  +  2;r  +y)  =  120e  +  60x  +  30y.  By  duch  an 
induction  of  the  work  accomplished^  with  any  rates  of  motion 
vire  dioose,  it  is  evrdent  that  the  performance  of  the  machine 
increa^s  with  every  diminution  of  its  velocity  that  is  produced 
by  the  mere  addition  of  a  similar  load  of  work,  or  that  it  does 
the  more  work  the  slower  it  goes.  This  however  is  abstracting 
irom  the  effects  of  the  friction  upon  the  gudgeons  of  the  wheel, 
a  cause  of  resistance  which  increases  widi  the  load,  though  not 
hi  the  same  ratio. 

The  preceding  discussion  is  sufficient  to  demonstrate,  in  gene- 
ral, the  advantage  of  slow  motion ;  but  does  not,  it  is  confessed, 
point  out  in  any  degree  the  relation  between  the  rate  of  motion 
and  the  work  performed ;  nor  even  the  principles  on  which  it 
depends.    This,  however,  is  not  necessary  for  the  improvement 
of  practical  mechanics ;  but  it  is  sufficiently  manifest  that  there 
is  hot,  in  the  nature  of  things,  a  maximum  of  performance  at- 
tached to  any  particular  rate  of  motion,  which  should,  on  that 
account  be  preferred.    All,  therefore,  we  have  to  do,  is  to  load 
the  machine,  and  thus  to  diminish  its  speed,  unless  other  phy- 
sical circumstances  throw  obstacles  in  the  way :  but  there  are 
such  obstacles ;  for  in  all  machines  there  are  small  inequalities 
of  action,  which  are  unavoidable.    In  the  action  of  a  wheel  and 
pinion,  though  made  with  the  utmost  judgment  and  care,  there 
are  such  inequalities.    These  increase  by  the  changes  of  form 
occasioned  by  the  wearing  of  the  machine ;  and  much  greater 
inequalities  arise  from  the  subsultory  motions  of  cranks,  stamp- 
'  ers,  and  other  parts  which  move  unequably  or  reciprocally. 
Now,  a  machine  may  be  so  loaded  as  just  to  be  in  equilibrio 
widi  its  work  in  the  favourable  position  of  itis  parts :  and  wheti 
this  changes  into  one  less  favourable,  the  matlune  may  stop,  or 
at  all  e\^nts  hobble,  and  Wi6rk  vi^ry  irregularly  :  thus,  the  rub- 
bing parts  bear  long  on  each  other,  with  enormous  presisures, 
cut  deep  into  one  another,  and  greatly  augment  frictioti ;  so  th^t 
such  slow  motions  as  these  mu^tbe  avoided.     A  little  more  ve- 
locity enables  the  machine  to  overcome  those  increased  resist- 
ances by  its  inertia,  or  the  great  quantity  of  motion  inherent 
in  it :  great  machines  possess  this  advantage  in  a  superior 
d^ree,  and  will,  consequently,  Work  steadfly  with  a  sthaller 
velocity. 

M.  de  Parcieux,  the  inventor  of  the  areometer  described  in 
arts.  401,  8cc.  vol.  i.  v^as,  Ve  believe,  the  first  who  deduced, 
both  from  theory  and  experiment,  the  important  result  that  the 
woHi  -done  by  a  water-wlieel  was  increased  by  diminishing  its 
velocity.    'His  disscrtatbns  on  this  subject  were  first  inserted  in 
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Menu  Paris.  Acad.  Sciences^  1754 :  but  lately  the  substance  of 
them  has  appeared  in  various  places.  The  student,  by  turning 
to  page  472  of  our  first  volume^  will  see  that  Mr.  Smeaton 
arrived  at  the  same  conclusion ;  although  the  greater  extent  an4 
variety  of  his  experiments  enabled  him  to  ascertain  that  this 
general  position  was  subject  to  a  limitation  varying  with  cir-^ 
cumstanceSy  which  a  judicious  engineer  will  always  carefully 
discriminate. 

2.  Undershot-wheels.  To  this  class  may  be  referred  all  wheels 
in  which  the  motion  of  the  water  is  more  rapid  than  that  of  tlie 
floaUboards  of  tlie  wheels  so  that  the  fluid  impels  them.  The 
theory  of  this  kind  of  w^ater-wheels  being  so  exceedingly  im- 
perfect,  we  can  do  little  else  than  recommend  to  the  studeut  a 
cautious  examination  of  the  experiments  of  Smeaton.  We  have 
little  to  add  to  them  here^  except  some  results  of  De  Parcieuz 
a,nd  Bossuty  who  have  shewn  by  very  good  experiments  that  there 
is  a  sensible  advantage  gained  by  inclining  the  float-boards  to  th^ 
radius  of  the  wheel  about  20  degrees,  so  that  each  iloat-board 
when  lowest  shall  not  be  vertical,  but  have  its  edge  turned  up 
the  stream  about  20  degrees.  Such  inclination  causes  the  water 
to  heap  up  along  the  float-board,  and  act  by  its  weight:  iit^ 
.floats  should  therefore  be  made  much  broader  than  the  vane  of 
water  interrupted  by  them  is  deep. 

Some  engineers  observing  the  great  superiority  of  overshot 
above  undershot-wheels,  driven'by  the  same  expense  of  power, 
have  proposed  to  bring  the  water  home  to  the.  lower  part  of  the 
wheel  on  an  even  bottom,  and  to  make  the  float-board  no  deeper 
than  the  aperture  of  the  sluice,  which  would  permit  the  wajter 
to  run  out.  The  wheel  they  propose  to  be  fitted  with  a  close 
sole  and  sides,  exactly  fitted  to  the  end  of  this  trough,  so  that 
if  the  wheel  is  at  rest,  the  water  may  be  dammed  up  by  the  sole 
and  float-board :  it  will,  therefore,  press  forward  the  float-board 
with  the  whole  force  of  the  head  of  water.  But  this,  howevd^ 
specious,  cannot  answer ;  for  if  we  suppose  no  float-boards,  the 
water  will  flow  out  at  the  bottom,  propelled  in  the  manner 
these  gentlemen  suppose ;  and  it  will  be  supplied  from  behind^ 
the  water  coming  slowly  from  all  parts  of  the  trough  to  the  hole 
below  the  wheel.  But  now  add  the  floats,  and  suppose  the 
wheel  in  motion  w  ith  the  velocity  that  is  expected.  The  other 
floats  must  drag  into  motion  all  the  water  which  lies  between 
them,  giving  to  the  greatest  part  of  it  a  motion  far  greater  than 
it  would  have  taken  in  consequence  of  the  pressure  of  tl  e  water 
behind  it ;  and  the  water  out  of  the  reach  of  the  floats  will  re- 
main still,  which  it  would  not  have  done  indeptndent  of.  the 
float-boards  above  it^  because  it  would  have  couiributed  lo  the 
expense  of  the  hole.     So  that  the  motion  which  the  wheel  will 
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acquire  by  this  construction^  must  be  widisly  different  from  what 
its  projectors  suppose. 

As  far  as  we  are  able  to  judge^  the  best  way  of  delivering  the 
water  on  an  undershot-wheel  in  a  close  mill  course  is,  to  let  it 
slide  down  a  very  smooth  channel^  without  touching  the  wheel 
till  near  its  bottom^  where  the  wheel  should  be  exactly  fitted  to 
the  course;  or,  to  make  the  floats  much  broader  than  the  depth 
of  the  vein  of  water  that  glides  down  the  course,  and  allow  it 
to  be  partly  intercepted  by  the  first  floats,  and  heap  up  along 
them,  acting  by  its  weight,  after  its  impulse  has  been  ex- 
pended. If  the  bottom  of  the  course  be  an  arch  of  a  circle 
described  with  a  radius  much  greater  than  that  of  the  wheel, 
the  water  which  slides  down  will  be  thus  gradually  intercepted 
by  the  floats. 

Attempts  have  been  made  to  construct  water-wheels  which 
receive  the  impulse  obliquely,  like  the  sails  of  a  common  wind- 
mill. This  would,  in  many  situations,  be  a  great  advantage. 
A  very  slow  but  deep  river  could  in  this  manner  be  made  to 
drive  our  mills ;  and  although  much  power  is  lost  by  the  obli- 
quity of  the  impulse,  the  remainder  may  be  very  great.  Du 
Robison  speaks  of  a  wheel  of  this  kind  which  was  very  power- 
ful :  it  was  a  long  cylindrical  frame,  having  a  plate  standing 
out  from  it  about  a  foot  broad,  and  surrounding  it  with  a  very 
oblique  spiral,  like  a  corkscrew.  This  was  immersed  about  ^th 
of  its  diameter  (which  was  nearly  12  feet),  having  its  sfxis  in  the 
direction  of  the  stream.  By  the  work  which  it  was  performing, 
it  seemed  more  powerful  than  a  common  wheel  which  occupied 
the  same  breadth  of  the  river.  Its  length  was  not  less  than  20 
feet :  had  it  been  twice  as  much,  it  would  have  nearly  doubled 
its  power  without  occupying  more  of  the  waterway.  Perhaps 
swth  a  spiral,  continued  quite  to  the  axis,  and  amoving  in  a  hol- 
low canal  wholly  filled  by  the  stream,  might  be  a  very  advanta- 
geous way  of  employing  a  deep  and  slow  current. 

In  July,  1808,  Mr.  John  Norton,  of  Rolls-buildings,  took 
out  a  patent  for  an  improvement  in  the  construction  of  water- 
mills^  which  is  exactly  this  of  the  spiral  wheel :  how  far  an  in- 
vention which  had  been  publicly  described  seven  years  before 
in  the  Encyclopedia  Britaunica  ought  to  be  secured  to  Mr. 
Norton  by  a  patent,  we  need  not  decide. 

An  undershot-wheel,  with  oblique  float-boards,  was  invented 
by  the  late  Mr.  Besant,  of  Brompton ;  on  whose  widow  the 
Society  of  Arts,  8cc.  in  1 80 1 ,  conferred  a  reward  of  ten  guineas  : 
•and,  as  it  promises  to  be  of  great  service  in  many  situations,  we 
have  given  a  representation  of  it  in  pi.  XX  XV. 

Fig.  7.  A,  represents  the  body  of  the  water-wheel,  which  is 
hollow,  in  the  form  of  u  drum,  and  is  so  constructed  as  to  resist 
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die  adtuissiou  of  water,  b,  is  the  ai&is  on  which  the  wheel  Hblws* 
c,  the  float-boardsy  placed  on  the  periphery  of  the  wheel,  each 
of  which  is  firmly  fixed* to  its  rim,  and  to  the  body  of  the  drum^ 
in  ^n  oblique  direction,  d,  is  the .  reservoir,  that  contains  the 
water.  £,  the  pen-stoqk,  for  regulating  the  quantity  of  water 
which  runs  to  the  wheel,  f,  represents  the  current  that  has 
passed  such  wheel. 

Fig.  8.  is  a  front  view  of  the  water-wheel,  exbitHting  the  ob- 
lique direction  in  which  the  float-boards,.  c,  are  placed. 

In  the  common  water-wheels,  more  diau  half  the  quantity 
of  ihat  fluid  passes  from  the  gate  through  the  wheel,  wiidiout 
afl'ording  it  any  assistance :  the  action  of  the  floats  is  resisted 
by  tlie  incumbent  atmosphere,  at  the  moment  when  these  leave 
the  surface  of  the  tail-water ;  and,  as  a  similar  proportion  of 
water  with  that  which  passed  between  the  floats  at  tlie  head, 
necessarily  flows  between  them  at  the  tail,  the  motion  of  the 
wheel  is  greatly  impeded.     On  the  contraiy,  by  Mr.  Besant's 
contrivance,  no  water  can  pass,  excepting  that  which  acts  with 
all  its  force  on  the  extremity  of  the  wheel;  and,  as  the  floats 
emerge  from  the  water  in  an  oblique  direction,  the  weight  of 
the  atmosphere  is  thus  prevented  from  taking  any  efiect*    At^ 
though  his  new  wheel  is  considerably  heavier  than  those  con- 
structed on  the  old  plan,  yet  it  revolves  more  easily  on  its  axis; 
the  water  having  a  tendency  to  float  it.     Lastly,  repeated  ex  - 
periments  have  proved  Mr.  Besant's  wheel  ta  be  so  decidetll-y 
superior,  that,  when  working  in  deep  tail-water,  it  will  curry 
weights  in  the  proportion  of  three  to  one ;  on  which  account  it 
will  be  particularly  serviceable  to  tide-mills.    Sec  TiDE-mills, 
Mills  with  oblique  floats  are  most  useful  for  employing  small 
streams,  which  can  be  delivered  from  a  spout  with  a  great  velor" 
city.     M .  Bos|ut  has  considered  these  with  mnqh  attention, 
and  has  ascertamed  the  best  modes  of  construction.    There  are 
two  which  have  nearly  equal  performances  :  1.  The  vanes  be- 
ing placed  like  those  of  a  wind-mill  round  the  rim  of  a  :hori- 
zoutul  or  vertical  wheel,  and  being  made  much  broader  than 
the  vein  of  water  which  is  to  strike  them  perpendicularly.     By 
these  means  it  will  be  spread  about  on  the  vane  in  a  thin  sheet, 
and  exert  a  pressure  nearly  equal  to  twice  the  weight  of  a  co- 
lumn, whose  base  is  the  orifice  of  the  spout,  and  who've  height 
is  the  fall  producing  the  velocity.     Mills  of  diis  kind  are  nluch 
in  use  hi  the  soutli  of  Europe.    The  wheel  is  horizontal,  and 
the  vertical  axis  carries  the  mill-stone;  so  that  the  mill  is  of 
the  utmost  simplicity,  and  this  is  no  small  recommendatiou. 
Drawings  of  such  mills  may  be  seen  in  RameUi,  Bockler, 
Leupold,  and  Belidor.    See  also  BosstU  de  Hydrodynamiqiu', 
torn.  ii. 
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2.  The  vanes  may  be  airranged  round  the  rim  of  the  wheels 
not  like  the  sails  of  a  M^ind-miTl^  but  in  planes  inclining  to  the 
radii^  though  parallel  to  the  a:tis^  or  to  the  planes  passing  through 
the  axis.  They  may  either  stand  on  a  sole,  like  the  oblique 
floats  recommended  by  De  Parcieux,  as  before  mentioned ;  or 
they  may  stand  on  the  side  of  the  rim^  not  pointing  to  the  axis, 
but  aside  from  it.  This  disposition  will  admit  of  the  spout 
being  more  conveniently  disposed  either  for  a  horizontal  or  a 
vertical  wheel. 

About  the  year  1746,  a  Mr.  Williams^  of  Norwich,  devJsed 
a  water-wheel  with  oblique  iSoats,  of  which  several  sets  at 
pleasure  were  arranged  at  suitable  distances  upon  one  and  the 
same  horizontal  axle.  This  wheel  could  be  used  advantageously 
where  no  head  of  water  could  be  procured,  and  the  current  ran 
very  slowly.'  The  description  of  this  contrivance  was  given  in 
the  Phil.  Tramac.  No.  478  {^ew  jdbridgement,  Part  34.)  in 
terms  nearly  as  below. 

The  horizontal  axis  is  cut  into  the  forni  of  an  liexangular 
prism,  of  dimensions  suitable  to  the  force  required.  Into  this 
several  sets  of  rectangular  holes  are  mortised,  surrounding  it,  or 
arranged  at  equal  distances  when  measured  along  the  face  of  the 
prism.  These  holes  are  intended  to  receive  different  sets  of 
sails  made  of  iron  plates,  nearly  4  times  as  long  as  they  are 
broad,  all  which  sails  are  weathered  in  the  same  manner  as 
&ose  designed  for  wind-mills ;  only  in  these  they  are  gradually  ' 
curved  till  the  extremities  of  their  ends  stand  parallel  to  the 
planes  of  each  end  of  the  axis ;  viz.  those  ends  which  are  far- 
thest from  the  centre.  This  hexangular  axle  must,  when  em- 
ployed, be  placed  parallel  to  the  moving  stream,  and  tHay  lie 
even  with  its  surface  ;  but  the  engine  will  act  most  vigorously 
i^hen  it  and  all  the  sails  employed,  are  entirely  under  water. 
!Each  set  of  these  sails  contains  6  in  number,  being  placed  or- 
derly, one  in  each  side  of  the  prism,  and  are  so  contrived  as  to 
be  put  in  and  taken  out  at  pleasure.  Whence  it  is  concluded, 
that  when  a  single  set  of  sails  is  made  use .  of,  the  engine  pro- 
duces a  single  effect ;  when  2  sets,  a  double ;  and  so  on,  till  the 
desired  momentum  is  acquired,  with  the  same  quantity  of 
running  water,  provided  there  be  room  to  fix  a  sufficient  num- 
ber of  sails.  It  is  farther  to  be  observed,  that  when  this  engine 
is  placed  with  its  sails  made  and  weathered  as  above  directed, 
they  Mrill  move  with  equal  velocity,  even  supposing  the  current 
should  change  its  course,  and  come  upon  them  in  quite  a 
contrary  direction ;  as  happens  in  rivers  where  the  tide  ebbs 
and  flows. 

A  model  of  this  wheel  was  tried  in  the  river  at  Norwich.    It 
vras  fixed  in  a*place  where  the  water  moved  only  27  feet  in  20 
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seconds,  in  which  time  the  fir$t  mover  Htade  &  revolutions.  Its 
diameter  was  no  more  than  £6  inckes  ;  yet  it  was  Capable  of 
lifting  14  pounds,  2  yards  liigh,  in  the  time  just  specified.  The 
circumference  of  the  first  mover  passed  through  a  space  of  42 
feet  in  20  seconds,  so  tha,t  its  velocity  was  nearly  twice  that  of 
the  stream.  And  as  the  momentum  will  be  nearly  in  propor- 
tion to  the  number  of  the  sets  of  sails  that  are  employ  ed^  its 
effective  force  is  capable  of  being  greatly  augmented,  ;W^ile  the 
quantity  of  water  repiains  the  same. 

We  havf  not  been  able  to  ascertain  whether  this  ei^pedient 
of  Mr.  Williams  has  been  often  tried  ;  but  we  have  thought  ii 
ri^t  to  describe  it  here,  as  it  may  furnish  a  hint  wluch  m«y 
probably  be  turned  to  advantage  by  a  skilful  engmeer^  especially 
m  the  erection  of  tide-mills. 

Floating  Water-mills.  Although  we  are  in  thb  country 
provided  with  many  contrivances,  in  which  the  different  powers 
of  water,  steam,  wind,  and  animal  force,  have  been  successfully 
applied  to  the  purpose  of  grinding  com  into  flour,  yet  we  have 
not,  till  very  lately,  met  mthjtoating  water-^milh  to  be  worked 
by  tides  or  currents;  and  which  are  moreover  designed  to 

5ut  in  motion  machinery  adapted  to  any  kind  of  manufacture.— 
fessrs.  Polfreeman,of  Long-acre,  in  conjunction  with  Messrs. 
Allen,  Fossenden,  and  Gray,  have  purchased  the  patent-right  of 
Mr.  Hawkins,  and  have  lately  completed  one  of  those  mills ; 
which,  by  permission  of  the  Board  of  Navigation,  is  stationed 
between  London  and  JBlackfriars-bridge.  Such  grant  was  ob- 
tained with  the  laudable  view  of  reducing,  if  possible,  the  price 
>of  flour  in  the  metropolis,  and  furnishing  a  constant  supply  of 
that  necessary  article  of  subsistence. — The  simplicity  of  this  in* 
vention  renders  along  description  superfluous  ;  as  it  consists  in 
merely  applying  the  force  of  two  or  three  water-wheels  on  each 
side  of  a  barge,  or  any  other  vessel  better  calculated  to  contain 
the  interior  part  of  the  machinery.  Were  several  mills  of  this 
kind  to  be  stationed  on  the  Thames,  or  any  other  river  where  the 
tide  ebbs  and  flows,  there  would  doubtless  be  numerous  advan- 
tages result;  for  they  will  be  far  less  expensive  than  steam- 
engines  in  the  original  erection,  besides  that  they  woidd  lead 
to  a  considerable  annual  saving  in  the  important  article  of 
coals. 

Some  other  remarks  connected  with  the  subject  of'  water- 
milfs  will  be  found  under  the  words  Flour-mills,  Pen^* 
STOCK,  Stream-measurers,  and  Tide-mills,  in  this  vo- 
lume :  and  chaps.  3.  and  4.  book  iv.  of  our  first  volume.  For 
farther  information,  consult  Fabre  sur  les  Machines^  Hydrau^ 
tiques,  Langsdorfs  Handbuch  der  Maschinenlehre,  zweyter 
band,  Dr,  Brexvster's  useful  additions  to  FergusotCs  Lectures^ 
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^  some  other  of  the  treatises  mentioned  in  the  catalogue  under 
Ibe  word  Mill. 

WEIGHING-ENGINES,  are  often  constructed  in  order  to 
ascertain  the  weight  of  the  loads  on  waggons  and  carbt  passing 
along  turnpike  roads.  To  prevent  the  roads  from  being  too 
mudi  worn,  it  has  been  found  expedient  to  fix  by  an  act  of 
parliament  a  certain  load  for  each  breadth  of  wheel ;  and,  that 
such  loads  may  not  be  exceeded,  there  are  weighing-niachinesi 
at  «everal  of  the  toIl*-gates,  by  which  the  loads  of  the  several 
waggons,  *S&c.  passing  throu^  them  can  be  determined. 

In  some  of  these  machines  the  contrivance  is  such,  that  the' 
(^rriage  whose  load  is  to  be  Weighed  is  lifted  clear  from  the 
ground,  by  means  of  four  strong  chains  and  hooks  attached  to  a 
large  steel-yard,  whose  fulcrum  is  raised  commonly  by  a  com- 
bination of  tooth  and  pinion-work,  moved  by  a  wincfa-fa^ndle : 
but  it  is  far  better  to  have  the  business  performed  by  means  of 
apparatus  placed  under  a  horizontal  fr^me  on  which  the  carriage 
may  be  drawn. 

The  most  compendious  and  economical  machine  of  this  kind 
that  we  have  seen  is  one,  first  used  for  weighing  the  riders  of 
j^ce-horses,  and  afterwards  applied  to  the  more  reputable  serr 
vice  of  weighing  loaded  carriages. 

Fi^.  5.  pi.  XXXVII.  is  a  plan  of  the  machine;  klmn  is 
the  plan  of  a  rectangular  box,  >vhicb  has  a  platform  lid  or  cover, 
of  size  sufficient  for  placing  the  wheels  of  a  cart  or  waggon. 
The  box  is  about  a  foot  deep,  and  is  sunk  into  the  ground  till 
the  platform-cover  is  even  with  the  surface.  In  the  middle  of 
the  box  is  an  iron  lever  supported  on  the  fulcrum  pitiik,  formed 
like  the  nail  of  a  balance,  which  rests  with  its  edge  on  arches  of 
hardened  steel  firmly  fastened  to  the  bottom  of  the  box.  This 
lever  goes  through  one  side  of  the  box,  and  is  furnished  at  its 
extremity  with  a  hard  steel  pin  Im,  also  formed  to  an  edge 
below.  In  the  very  middle  of  the  box  it  is  crossed  by  a  third 
naS  of  hardened  steel  gh,  also  formed  to  an  edge,  but  on  the 
upper  side.  These  three  edges  are  in  one  horizontal  plane,  as 
in  a  well  made  balance. 

|n  the  four  corners  a,  a',  e',  e,  of  the  box  are  firmly  fixed 
four  blocks  of  tempered  steel,  having  their  upper  surfaces  form- 
ed into  spherical  cavities,  well  polished  and  hard  tempered. 
ABODE  represents  the  upper  edge  of  an  iron  bar  of  consi- 
derable strength,  which  rests  on  the  cavities  of  the  steel-blocks 
in  A  and  £,  by  means  of  two  hard  steel  studs  projecting  from  its 
under  edge,  and  formed  into  obtuse-angled  points  or  cones*^ 
These  pomts  are  in  a  straight  line  paratllel  to  the  side  kn  of  the 
box.  The  middle  part  c  of  thb  crooked  bar  is  faced  with  bard*; 
tempered  steel' beloW;  and  is  there  formed  into  an  edge  parallfil 
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to  AE  and  KNy  by  whicK  it  rests  on  the  upper  edge  of  the  steel 
pingA,  which  is  in  the  lever.  In  a  line  parallel  to  AE,  and  on 
the  upper  side  of  the  crooked  bar  ACK,  are  fixed  two  studs  or 
points  of  hardened  steel  b  and  d  projecting  upwards  above  half 
an  inch.  The  platform-cover  has  four  short  feqt  like  a.  stool, 
terminated  by  bard  steel  studs,  which  are  shaped  into  spherical 
cavities  and  well  poUshed.  With  these  it  rests  on  the  four  Heel 
points  B,  B^,  vfy  D.  The  bar  ace  is  kneed  in  such  a  man- 
ner vertically,  that  the  points  a,  b,  d,  e,  and  the  edge  c,  are 
all  in  a  horizontal  plane.  These  particulars  will  be  better  un- 
derstood by  looking  at  the  elevation  in  fig.  6.  What  has  been 
said  of  the  bar  ace  must  be  understood  as  also  Said  of  the 
bar  a'c'e', 

.  Draw  through  the  centre  of  the  box  the  line  ahc  perpen- 
dicular to  the  line  ae,  bd.  It  is  evident  that  the  bar  acb  is 
equivalent  to  a  lever  abcy  having  the  fulcrum  or  alis  AE 
resting  with  its  extremity  c  on  the  pin  hg^  and  loaded  at  b. 
It  is  also  evident  that  ac  is  to  ab  as  the  load  on  this  lever  to 
the  pressure  which  it  exerts  on  the  pin  gh^  and  that  the  some 
proportion  subsists  between  the  whole  load  on  the  platform,  and 
die  pressure  which  it  exerts  on  the  ping  A.  It  will  also  appear, 
on  an  attentive  consideration,  that  this  proportion  is  no  wise 
deranged  in  whatever  manner  the  load  is  placed  on  the  plat- 
form. If  very  unequably,  the  two  ends  of  the  pin^A  may  be 
unequally  pressed,  and  the  lever  wrenched  and  strained  a  little ; 
but  the  total  pressure  is  not  changed. 

If  there  be  now  placed  a  balance  or  steel-yard  at  the  side  LK, 
in  such  a  manner  that  one  end  of  it  may  be  directly  above  the 
pin  Im  in  tlie  end  of  the  lever  eof,  they  may  be  connected  by 
a  wire  or  slender  rod,  and  a  weight  on  the  other  arm  of  the 
balance  or  steel-yard  may  be  put  in  equilibrio  with  any  load  that 
can  be  laid  on  the  platform.  A  small  counterpoise  being  first 
hung  on  to  balance  the  apparatus  when  unloaded,  any  additional 
weight  will  measure  the  load  really  laid  on  the  platform.  \iab 
be  to  ac  as  1  to  8,  and  eg  to  ef  also  as  \  to  8,  and  if  a  com- 
mon balance  be  used  above,  64  pounds  on  the  platform  will  be 
balanced  by  one  pound  in  the  scale,  and;  every  pound  will  be 
balanced  by  one-fourth  of  an  ounce.  This  would  be  a  very 
convenient  partition  for  most  purposes,  as  it  would  enable  us  to 
use  a  common  balance  and  common  weights  to  complete  the 
machine :  or  it  may  be  made  with  a  balance  of  unequal  arm3, 
or  with  a  steel-yard. 

Some  have  thought  to  improve  this  instrument  by  using  edges 
like  those  of  the  nails  of  a  balance  instead  of  points.  But  unless 
made  with  uncommon  accuracy,  they  will  render  the  balance 
very  dull.    The  small  v^deyiation  of  the  two  edges  A  and  s,  or 
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<>f  B  and  n,  from  perfect  parallelism  to  KfJ,  is  equivalent  to  a 
broad  surface  equal  to  the  whole  deviation.  We  imagine  that^ 
with  no  extraordinary  care,  the  machine  may^Ue  made  to  weij^h 
within  TcV^th  of  the  truth,  which  is  exact  enough  for  any 
purpose  in  commerce. 

It  is  necessary  that  the  points  be  attached  to  the  bars.  Some 
have  put  the  points  at  A  and  E  in  the  blocks  of  steel  fastened  to 
the  bottom^  because  the  cavity  there  lodged  water  or  dirt,  which 
soon  destroyed  the  instrument  with  rust.  But  this  occasions  a  - 
change  of  proportion  in  the  first  lever  by  any  shifting  of  the 
crooked  bars  :  and  this  will  frequently  happen  when  the  wheels 
of  a  loaded  cart  are  pushed  on  the  platform.  The  cavity  in  the 
.steel  stud  sliould  have  a  little  rim  round  it,  and  it  should  be  kept 
full  of  oil.  In  a  nice  machine  a  quarter  of  an  inch  of  quicksilver 
would  effectually  prevent  all  these  inconveniences. 

The  simplest  and  most  economical  form  of  this  machine  is 
to  have  no  balance  or  second  steel-yard ;  but  to  make  the  first 
steel-yard  eof  a  lever  of  the  first  kind,  viz.  having  the  ful- 
crum between  o  and  f,  and  allow  it  to  project  far  beyond  the 
box*  The  long  or  outward  arm  of  this  lever  is  then  divided 
into  a  scale  of  weights,  commencing  at  the  side  of  the  box.  A 
counterpoise  must  be  chosen,  such  as  will,  when  at  the  begin- 
ning of  the  scale,  balance  the  smallest  load  that  will  probably  be 
examined.  1:  will  be  convenient  to  carry  on  this  scale  by  means 
of  eke  weights  hung  on  at  the  extremity  of  the  lever,  and  to  use 
but  one  moveable  weight.  By  this  method  the  divisions  of  the 
scale  will  have  always  one  value.  The  best  arrangement  is  as 
follows:  place  the  mark  0  at  the  beginning  of  the^cale,  and 
let  it  extend  only  to  100,  if  for  pounds;  or  to  112,  if  for  cwts. ; 
or  to  10  if  for  stones;  and  let  the  eke-weights  be  numb^ed 
1 ,  i2,  S,  &c.  Let  the  lowest  weight  be  marked  on  the  beam. 
-  This  is  always  to  be  added  to  the  weight  shown  by  the  opera- 
tion. Let  the  eke-weights  stand  at  the  end  of  the  beam,  and 
let  the  general  counterpoise  always  hang  at  0.  When  the  cart 
is  put  on  the  platform,  the  end  of  the  beam  tilts  up.  '  Hang  on 
the  hea\^est  eke-weight  that  is  not  sufficient  to  pre^ss  it  down. 
Now  complete  the  balance  by  shding  out  the  counterpoise* 
Suppose  the  constant  load  to  be  312  lbs.  that  the  counter- 
poise stands  at  86,  and  that  the  eke-weight  is  9  ;  we  have  the 
load  =  &86  +  312,  =  1298  lbs. 

Weigh iNG-fifjpparfl/?i.sybr  goods.  Account  of  a  new  patent 
weighing^apparatus,  invented  by  Mr.  Hardie^  of  the  Bengal 
warehouse. 

Although  the  operation  of  weighing  goods  for  sale  or  pay- 
ment of  duty  requires  to  be  conducted  in  the  way  best  calcu- 
lated to  avoid  mistakes,  yet  we  find  that  the  several  modes  now 
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in  use  are  subject  to  frequent  errofy  through  the  complicated 
process  of  reckoning  the  totals  of  hundreds^  quarters,  and  pounds 
respectively^  and  retaining  them  in  memory  until  called  to  the 
book-keepers,  generally  amidst  the  bustle  of  porters,  carmen^ 
cranemen,  and  others,  at  a  time  when  the  laborious  exertions  of 
lifting  the  heavy  weights  on  and  off  the  board  render  the  weighers 
incapable  of  the  close  attention  which  an  accurate  performance 
of  the  operation  demands. 

Experience  shews,  that  in  cases  of  mensuration  the  use  of  a 
scale  greatly  contributes  both  to  accuracy  and  dispatch.  Mr. 
Hardie,  therefore,  by  means  of  givmg  the  weights  a  certain 
form,  has  converted  the  operation  of  weighing  into  an  opera- 
tion of  mensuration,  for  the  purpose  of  obtaining  the  important 
advantages  of  a  scale  in  the  following  manner,  viz. 

Fig.  1.  pi.  XXXII.  Plan  of  a  board  for  the  weights,  about 
S8  inches  by  32  inches,  capable  of  weighing  a  ton,  on  which  are 
delineated  two  scales,  one  of  larger  divisions  for  the  half-hundred 
weights,  and  the  other  of  smaller  divisions  for  the  pound 
weights. 

Fig.  2.  Plan  of  a  half-hundred  weight  of  cast-iron.  A  an 
excavation  forming  the  handle  without  projecting. 

Fig.  3.  Elevation  of  a  half4iundred  weight.  A  an  excava- 
tion forming  the  handle,  with  b  a  hole  for  lead  to  adjust  it. 

Fig.  4  and  5.  Plans  of  two  half-hundred  weights,  shewing 
the  manner  they  are  placed  to  fill  a  square  allotted  for  the 
amount  of  one  hundred  weight. 

Fig.  6.  End  elevation  of  the  pound  weights  of  brass  fitted 
to  the  scale  of  one  inch  to  a  pound,  the  part  scooped  out  at  the 
sides  being  to  receive  the  points  of  the  fingers  and  thumb  to  lift 
them  without  handles. 

The  larger  weights  are  placed  on  their  particular  scale  be- 
ginning at  A  on  the  left,  and  proceeding  to  the  right,  and  so  on 
with  each  row.  The  first  ^hundred  weight  covers  the  blank 
square;  the  second,  the  square  marked  1 ;  the  third,  that  marked 
fi ;  and  so*on,  respectively. 

The  pound  weights  are  placed  on  their  particular  scale,  be- 
ginning at  B  on  the  left,  and  proceeding  to  the  right. 

There  is  no  scale  for  the  quarter  weights,  being  at  most 
only  two  in  number,  namely,  a  half-hundred  weight  and  a 
quarter-hundred  weight,  of  which  the  total  is  evident  by  mere 
inspection,  and  which  may  be  of  any  convenient  shape,  and 
placed  conspicuously  above  the  two  weights  which  complete 
the  hundreds.  The  totals  of  the  hundreds  and  pounds  are 
indicated  by  the  numbers  next  to  the  weights  respectively  on 
the  right  hand.  Hence  it  follows  that  the  amounts  of  the 
weights  on  the  boards  in  hundreds,  quarters,  and  pounds,  are 
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lK:curateIy  known  to  the  weighers  by  mere  inspection ;  and  that 
the  book-keeper  has  it  in  his  power,  with  a  glance,  to  discover 
whether  the  weighers  call  the  proper  weight ;  which  is  imprac- 
ticable by  the  present  modes  of  we^hing.  Boards  for  weighing 
smaller  quantities  than  a  ton  mi^ht  be  made  on  the  same 
principle,  for  weights  of  the  same  dimensions,  with  scales 
adapted  to  the  size  of  the  board.  It  is  to  be  understood  that 
the  weighing  is  performed  without  '^  striking  the  weights/^ 
which  is  the  common  phrase  for  lifting  all  the  weights  off  the 
board  each  operation :  therefore  an  appropriate  mode,  according 
to  situation  and  circumstances,  must  be  adopted  to  support  the 
board  with  the  weights,  while  the  package  weighed  is  removing 
from  its  board  to  give  place  to  another;  when,  in  some  instances, 
the  largeness  of  the  package  bulges  out  tlie  ropes  of  the  board, 
rendering  it  necessary  to  raise  the  board  with  the  weights  a  little 
higher.  In  some  cases  the  prop,  fig.  7.,  will  answer  the  pur- 
pose, the  pinion  being  moved  by  a  winch.  In  other  cases  the 
lever,  fig.  8.,  might  be  adopted,  and  in  particular  instances,  the 
whole  beam  and  scales,  with  the  goods  aud  weights,  might  be 
raised  and  lowered  by  the  lever,  fig.  9.,  assisted  by  the  wheel 
and  pinion. 

The  greatest  individual  weight,  for  the  purpose  of  being 
portable,  is  a  half-hundred  weight.  The  common  balance  is 
used  with  this  weighing  apparatus,  as  it  proves  to  be  the  best 
kind  of  balance  known ;  being  more  true  for  very  ponderous 
bodies  than  the  steelyard,  which  is  sometimes  used  where  great 
accuracy  is  not  required.  When  a  very  light  package  is  to  be 
weighed  witli  a  board  adapted  for  a  much  greater  weight,  a 
hook  and  eye  are  to  be  used  at  each  of  the  two  cords,  suspend- 
ing the  board  for  the  weights  at  a  and  c,  in  order  to  shorten 
them  and  prevent  the  board  from  leaning  to  one  side.  Where 
a  chain  instead  of  a  rope  is  used,  one  of  its  links  will  serve  as  an 
eye  to  the  hook. 

WH£ELS  acting  upon  each  other  are  the  instruments  by 
which  the  transmission  of  mechanic  force  from  one  part  of  a 
system  of  machinery  to  another  is  commonly  and  conveniently 
effected.  The  due  connexion  of  the  moving  parts  is  accom- 
plished, either  by  the  mutual  action  of  proper  formed  teeth 
(see  the  article  teeth  in  this  volume),  by  straps  or  endless 
bands,  or  by  the  friction  of  one  face  of  a  wheel  against  another. 
The  latter  method  has,  when  adopted,  been  generally  in  small 
light  works,  where  the  pressure  upon  the  different  parts  of  the 
machinery  is  never  considerable.  Mr.  Nicholson  saw  a  draw- 
ing of  a  spinning-wheel  for  children,  at  a  charity  school,  in  which 
a  large  horizontal  wheel  with  a  slip  of  buff-leather  glued  on  its 
«pper  surface,  near  the  outer  edge,  drove  12  spindles,  at  which 
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the  same  number  of  children  sat  The  spindles  had  each  a 
amali  roller  likewise  faced  with  leather,  and  were  capable,  by 
an  easy  and  instantaneous  motion,  of  being  thrown  into  contact 
mth  the  large  wheel  at  pleasure.  Each  child,  therefore,  could 
throw  her  own  part  of  the  apparatus  into  work,  or  cause  it  to 
stop,  as  often  or  as  long  as  she  pleased.  The  winding  bobbins 
for  yarn  at  the  cotton-mills  operate  on  the  same  simple  and 
elegant  principle,  which  possesses  the  advantage  of  drawing  the 
thread  with  an  equal  velocity,  whatever  may  be  the  quantity  on 
the  bobbin,  and  cannot  break  it.  We  are  not  aware  that  the 
same  mode  of  communication  has  been  adopted  in  large  works^ 
except  in  a  saw-mill,  by  Mr.  Taylor,  of  Southampton.  In 
this  the  wheels  act  upon  each  other  by  the  contact  of  the  end 
grain  of  wood  instead  of  cogs:  the  whole  makes  very  little 
noise,  and  wears  very  well :  it  has  now  been  in  use  nearly  twenty 
years.  There  is,  of  consequence,  a  contrivance  to  make  the 
wheels  bear  firm  against  each  other,  either  by  wedges  at  the 
sockets,  or  by  levers.  This  principle  and  method  of  trans- 
mitting mechanic  power  certainly  deserves  every  attention ; 
particularly  as  the  customary  mode  by  means  of  teeth  requires 
much  skill  and  care  in  the  execution ;  and^  after  all,  w^nts  fre- 
quent repairs. 

WIND-MILL,  as  its  name  imports,  a  mill  for  any  purpose 
which  receives  its  motion  from  the  impulse  of  the  wind. 

The  internal  structure  of  wind-mills  are,  of  course,  much 
the  same  as  those  of  water-mills :  the  diflFerence  between  them 
lying  chiefly  in  the  exterior  apparatus,  the  one  to  receive  the 
force  of  the  water,  the  other  that  of  tlie  wind.  The  external 
apparatus  in  a  wind-mill  consists  chieBy  of  the  sails  or  vanes, 
which  are  commonly  four,  placed  in  nearly  a  vertical  position, 
and  as  they  turn  giving  a  rotatory  motion  to  an  axis  inclming  but 
a  little  from  the  horizon.  The  usual  construction  and  appear- 
ance of  the  sails  is  too  well  known  to  need  any  minute  descrip- 
tion ;  though  it  may  be  expected  that  we  shall  treat  a  little  of  the 
method  of  weathering  the  sails,  &c.  Now  a  pretty  distinct 
idea  of  the  surface  of  wind-mill  sails  may  be  obtained  by  con- 
ceiving a  number  of  triangles  standing  perpendicular  to  the 
horizon,  in  which  the  angle  contained  between  the  hjpothenuse 
and  the  base  is  constantly  diminishing:  the  hypo tlienuse  of  each 
triangle  will  then  be  in  the  superficies  of  the  vane,  and  they 
would^orm  that  superficies  if  their  number  were  infinite. 

Mr.  Richard  Hall  Gower,  a  gentleman  in  the  sea  service  of 
the  East  India  Company,  made  some  judicious  experiments  with 
a  view  of  determining  the  proper  angles  of  weather  which  ought 
to  be  given  to  the  vanes  of  a  vertical  wind-mill:  his  general  con- 
clusion is,  that  each  vane  should  be  a  spiral  generated  by  the 
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circular  motion  of  a  radius^  and  of  a  line  moving  at  rigitt  angles 
to  the  plane  of  the  circular  motion.  The  construction  he 
deduces  from  his  enquiries  is  simple,  being  this:  The  length, 
breadth,  and  angle  of  weather  at  the  extremity  of  a  vane  being 
given;  to  determine  the  angles  of  weather  at  different  distances 
from  the  centre. 

Let  AB,  fig.  9.  pi.  XXXV.  be  the  length  of  the  vane ;  bc  its 
breadth:  and  bcd  the  angle  of  weather  at  the  extremity  of  the 
vane,  equal  to  20  degrees.  With  the  length  of  the  vane  A3,*  and 
breadth  bc, construct  the  isosceles  triangle  abc  :  from  the  point 
B  draw  bd  perpendicujar  to  cb,  then  BDis  the  proper  depth  of 
the  vane* 

Divide  the  line  ab  into  any  number  of  parts  (five,  for  instance); 
at  those  divisions  draw  the  lines  IE,  Qf,  3g,  and  4h,  parallel  to 
the  line  bc;  also  from  the  points  of  division  1,  2,  3,  and  4, 
draw  the  lines  li,  2k,  3l,  and  4m,  perpendicular  to  l£,  2f,  SGy 
&c.  all  of  them  equal  in  length  to  bd.  Join  £i,  fk,  gl,  and 
HM :  then  the  angles  ]  ei,  2fk,  3ol,  and  4hm,  are  the  angles  of 
weather  at  those  divisions  of  the  vane ;  s^nd  if  the  triangles  be 
conceived  to  stand  perpendicular  with  the  plane  of  the  paper, 
the  angles  i,  k,  l,  m,  and  d,  becoming  the  vertical  angles,  the 
hypothenuse  of  these  triangles  will,  as  before  suggested,  give  a 
perfect  idea  of  the  weathering  df  the  vane  as  it  recedes  from  the 
centre.     {PhiL  Mag.  No.l4.) 

Some  theoretical  remarks  on  this  subject  are  inserted  in  vol.i. 
art.  547. 

As  the  direction  of  the  wind  is  very  uncertain,  it  becomes 
necessary  to  have  some  contrivance  for  turning  the  sails  tovtrards 
it,  in  order  to  receive  its  force  in  whatever  way  it  may  turn;  and 
for  this  purpose  two  general  methods  are  in  use.  In  the  one, 
the  whole  machine  \s  sustained  upon  a  moveable  arbour  or  axis, 
perpendicular  to  the  horizon,  which  is  supported  by  a  strong 
stand  or  foot  very  firmly  fixed  in  the  earth ;  and  thus  by  means 
of  a  lever  the  whole  machine  nfay  be  turned  round  as  occasion 
requires.  In  the  other  method,  only  the  roof,  which  is  circular, 
can  be  turned  round  by  means  of  a  lever  and  rollers,  upon  which 
the  circular  roof  moves.  This  last  kind  of  wind-mill  is  mostly 
built  of  stone,  in  the  form  of  a  round  turret,  having  a  large 
wooden  ring  on  the  top  of  it,  above  which  the  roof,  which  must 
likewise  be  of  wood,  moves  upon  rollers,  as  has  been  already 
pientioned.  To  effect  this  motion  the  more  easily,  the  wooden 
ring  which  lies  on  the  top  of  the  building  is  furnished  with  a 
groove,  at  the  bottom  of  which  are  placed  a  number  of  brass 
truckles  at  certain  distances,  and  within  the  groove  is  placed 
another  ring,  by  which  the  whole  roof  is  supported.     Bqams 
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are  connected  with  the  moveable  ring,  and  a  rope  is  fastened  to 
one  of  them,  which  at  the  lower  extremity  is  fitted  to  a  wind* 
lass  or  axis  in  peritrochio ;  and  this  rope  being  drawn  through 
an  iron  hook  fixed  at  the  ground  and  the  windlass  turned  round, 
the  sails  and  roof  will  be  turned  round  also,  in  order  to  catch 
the  wind  in  any  direction.  Both  these  methods  of  construction 
have  their  advantages  and  disadvantages.  The  former  is  the 
least  expensive,  as  the  whole  may  be  made  of  wood,  and  of 
any  form  that  is  thought  proper;  while  the  other  requires  a 
more  costly  building:  and  the  roof  being  round,  the  building 
must  alsa  be  so,  while  the  former  can  be  made  of  any  form,  but 
has  the  inconvenience  of  being  liable  to  be  carried  off  altoge- 
ther by  a  very  high  wind.  As  both  these  methods  of  adjustmg 
the  windshaft  require  human  assistance,  it  would  be  very  de- 
sirable that  the  same  effect  should  be  produced  by  the  action  of 
the  wind  solely.  This  may  be  done  by  fixing  a  large  woodetf 
vane  or  weather-cock  at  the  extremity  of  a  long  horizontal  arm 
which  lies  in  the  same  vertici^l  plane  with  the  windshaft.  By 
this  means  when  the  surface  of  the  vane  and  its  distance  from 
the  axis  of  motion  have  sufficient  magnitude,  even  a  gentle 
breeze  will  so  act  upon  this  vane  as  to  turn  the  machinery,  and 
move  tlie  sail  and  windshaft  to  their  proper  position.  This 
expedient  may  be  adopted  whether  the  mill  has  a  moveable 
roof  or  revolves  upon  a  vertical  shaft. 

In  art.  50.  of  the  Introductory  part  of  this  volume,  wp  have 
.stated  the  principal  results  of  the  experiments  and  researches  of 
Smeaton,  relative  to  the  shape,  position,  and  magnitude  of  sails, 
when  four  is  the  number  adopted.  To  these  it  might  be 
proper  to  add  here,  some  of  the  remarks  which  have  been  made 
by  Parent,  Euler,  and  other  philosophers :  but  as  none  of  them, 
except  a  few  by  Coulomb,  appear  any  way  comparable  in  point 
of  practical  utility  with  those  of  Smeaton,  and  as  they  include, 
besides,  some  very  intricate  investigations,  we  conceive  they  may 
be  omitted  without  any  serious  disadvantage  to  the  student. 

We  shall  now,  therefore,  proceed  to  describe  a  wind-mill, 
varying  in  many  respects  from  the  common  construction.  Thif 
mill  was  invented  by  Mr.  James  Ferrier,  of  North  Curry,  in 
Somersetshire,  who  received  a  premium  from  the  Society  of 
Arts,  for  this  useful  specimen  of  his  ingenuity.  Mr.  Verrier 
has  contrived  a  register  or  regulator,  by  which  the  vanes  are 
suffered  to  yield  and  give  way  to  the  impetus  of  the  wind,  when 
It  is  too  forcible;  and  when  it  is  too  languid,  it  brings  the  vanes 
up  to  the  wind,  till  its  force  is  sufficient  to  give  the  mill  a 
proper  degree  of  velocity:  by  this  contrivance,  the  wind  is 
justly  proportioned  to  the  resistance  or  number  of  stones  put  to- 
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work,  and  the  mill  less  liable  to  be  set  on  fire,  or  destroyed  bj 
the  violence  of  its  motion.  The  vertical  shaft  of  this  mill  is 
also  much  shorter  than  usual,  in  consequence  of  which  the. 
whole  building  (and  especially  the  floor  on  which  the  stones  are 
placed)  is  considerably  stronger,  and  less  liable  to  vibrate  than 
in  the  common  mills.  The  substance  of  the  following  descrip- 
tion of  Mr.  Verrier's  mill  is  given  in  Bailey* s  account  of  Mn^ 
^hineSj  approved  by  the  Society/  ofArta,  vol.  ii.  p.  47*,  the  edit, 
of  1782. 

<    This  mill  which  has  eight  quadrangular  sails,  is  represented 
in  fig.  7.  pi.  XXXVII.  where  AAA  are  the  three  principal  posts, 
SO  feet,  7i  inches  long,  22  inches  broad  at  their  lower  ex--^ 
tremities,  la  inches  at  their  upper,  and  17  inches  thick.    The 
column  B  b  12  feet,  lOj  inches  long,  19  inches  in  diameter  at 
its  lower  extremity,  and  IS  inches  at  its  upper :  it  is  fixed  in  the 
centre  of  the  mill,  passes  through  the  first  floor  s,  having  its 
upper  end  secured  by  the  rails  gg.     eee  are  the  girders  of 
the  first  floor,  one  of  which  only  is  seen,  being  3  feet  3  inches 
long,  11  inches  broad,  and  9  thick:,  they  are  mortised  into  the 
principal  posts  aaa  and  the  column  b,  and  are  about  8  feet  S 
inqhes  above  the  ground  floor,     odd  are  three  posts,  6  feet4| 
inches  long,  9  inches  broad,  and  6  inches  thick :  they  are  mor* 
tised  into  the  girders  ef  of  the  first  and  second  floor,  2  feet  4 
inches  distant  from  the  posts  a,  &c.     fff  are,  the  girders  of 
the  second  floor,  6  feet  long,  1 1  inches  broad,  and  9  thick : 
they  are  mortised  into  the  posts  a,  &c.  and  rest  upon  the  upper 
lends  of  the  posts  d,  8cc.    The  three  rails  ggg  are  3  feet  1  ^ 
inches  long,  7  inches  broad,  and  3  thiqk :  they  are  mortised  into 
the  posts  D  and  the  upper  end  of  the  column  b,  4  feet  3  inches 
above  the  floor  to  their  upper  edges,     p  is  one  of  the  aims 
which  support  the  extremities  of  the  bray-trees :  its  length  is  Sf 
feet  4  inches,  its  breadth  8  inches,  and  its  thickness  6  inchesL 
1  is  one  of  the  bray-trees  into  which  the  extremity  of  one  of  the 
*  bridge-trees  k  is  mortised.     Each  bray-tree  is  4  feet  9  inches 
long,  9i  inches  broad,  and  7  thick :  and  each  bridge-tree  is  4 
feet  6  inches  long,  9  inches  broad,  and  7  thick,  being  curved  9 
inches  from  a  right  line,  and  furnished  with  a  piece  of  brass  on 
its  upper  surface  to  receive  the  under  pivot  of  the  millstones. 
I.L  are  two  iron  screw  bolts  which  raise  or  depress  the  fore-ends 
of  the  bray-trees,    mmm  are  the  three  millstones,  and  nnn  the 
iron  spindles  each  9  feet  long  on  which  the  upper  millstones 
are  fixed,     o  is  one  of  three  wallowers  which  are  fixed  on  the 
upper  ends  of  the  spindles  nnn  :  they  are  16  inches  in  diameter, 
and  each  is  furnished  with  14  trundles.  ^  is  one  of  the  carriage- 
rails  in  which  the  upper  pivot  of  the  spindle  turns,  and  is  4  feet 
S  inches  long,  7  inches  broad,  and  4  thick.    It  turns  on  an  iron 
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bolt  at  one  end,  the  olher  end  sliding  in  a  bracket  fixed  to  one 
of  the  joiiitSy  and  forms  a  mortise  in  which  a  wedge  is  driven  to 
set  the  rail  and  wallower  in  or  out  of  its  woric:  t  is  the  horizontal 
spur-wheel  that  gives  motion  to  the  wallopers;  it  is  5  feet  6 
inches  diameter,  is  fixed  to  the  perpendicular  shaft  T,  and  has 
42  cogs  or  teeth.    The  perpendicular  shaft  t  is  9  feet  1  inch 
long,  and  14  inches  in  diameter,  having  two  iron  spindles :  the 
under  spindle  turns  in  a  brass  block  Jet  flush  into  the  higher 
end  of  the  column  b;  and  the  upper  spindle  turns  in  a  brass 
plate  inserted  into  the  lower  surface  of  the  carriage  rail  c.    The 
spur-wheel  r  is  fixed  on  the  upper  end  of  the  vertical  shaft  t, 
and  is  turned  by  the  crown  wheel  v  on  the  windshaft  c;  it  is  ? 
feet  two  inches  in  diameter^  and  is  furnished  with  15  cogs.    The 
carriage- rail  c,  which,  is  fixed  on  the  sliding  kerb  z,  and  supports 
the  upper  pivot  of  the  vertical  shaft,  is  17  feet  2  inches  long,  1 
foot  broad,  and  9  inches  thick.     YtQ,  is  the  fixed  kerb,  11  feet 
3  inches  diameter,  14  inches  broad  and  10  thick;  being  mortised 
into  the  posts  AAA,  and  fastened  with  screw  bolts,    llie  sliding 
kerb  z  is  of  the  same  diameter  and  breadth  as  the  fixed  kerb, 
but  its  thickness  is  only  7  J  inches.    It  revolves  on  12  firiction 
rollers  inserted  on  the  upper  surface  of  the  kerb  yyq,  and  has  4 
iron  half  staples  v  y,  Sec.  fastened  on  its  outer  edge,  the  perpen- 
dicular arms  of  which  are  10  inches  long,  2  inches  broad,  and 
1  inch  thick,  and  embrace  the  outer  edge  of  the  fixed  kerb,  to 
prevent  the  sliding  one  from  being  blown  ofi^.    The  capsills 
X,  V,  of  the  mill  are  18  feet>9  inches  long,  14  inches  broad,  and 
J  foot  thick :  they  are  fixed  at  each  end  with  strong  iron  screv^ 
bolts  to  the  sliding  kerb,  and  to  the  carriage-rail  c.     On  the 
right  hand  of  w  is  seen  the  extremity  of'  a  cross  rail,  which  is 
fixed  into  the  capsills  x  and  v  by  strong  iron  bolts:  ^  is  a 
bracket  5  feet  long,  16  inches  in  its  extreme  breadth,  and  10 
inches  thick;  it  is  bushed  widi  a  strong  brass  collar,  in  which, 
the  under  spindle  of  the  %vindshaft  turns,  Ind  is  fixed  to  the 
cross  rail  w,  with  irbn  screw  bolts  and  nuts:  b  is  another* 
bracket  7  feet  long,  4  feet  broad,  and  10  inches  thick ;  it  is  let 
into  the  fore  ends  of  the  capsills,  and  that  it  may  embrace  the 
collar  of  the  windsihaft,  it  is  divided  into  two  parts  which  are 
fixed  together  with  screw  bolts.     The  windshaft  c  is  15  feet 
lonir,  2  feet  in  diameter  at  the  fore  end,  and  18  inches  at  the 
back  end:  its  pivot  at  the  back  end  is  6  inches  diameter;  and 
the  shaft  has  a  hole  bored  through  it  to  admit  an  iron  rod  to 
pass  easily  through.     The  vertical  crown  wheel  i?  is  6  feet  in 
diameter,  having  54  cogs  which  turn  the  spur  wheel  r.     The 
holster  d,  which  is  G  feet  3  inches  long,  13  inches  broad,  and  6 
thick,  is  tenoned  into  the  cross  rail  re;,  direqtly  under  the  centre 
of  the  windshaft,  having  a  brass  pulley  fixed  in  a  mortise  at  its 
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fore  end.     On  the  upper  surface  of  this  bolster  is  a  groove  in 
which  the  sliding  bolt  r  moves,  having  a  brass  stiid  at  its  fore 
end.     This  sliding  bolt  is  not  distinctly  seen  in  the  Agure,  but 
the  round  top  of  the  brass  stud  is  visible  below,  the  letter  A :  the 
back  end  of  the  iron  rod  that  passes  through  the  wiudshaft, 
bears  against  tiiis  brass  stud.   The  sliding  bolt  is  4  feet  9  inches 
long,  9  inches  broad,  and  4  inches  thick.   At  its  fore  end  is  fixed 
a  line  which  passes  over  the  brass  pulley  in  the  bolster,  and 
appears  at  a  with  a  weight  attached  to  its  oilier  end,  sufficient 
to  make  the  sails  face  die  wind  that  is  strong  enough  to  work 
the  number  of  stones  employed;  and  when  the  pressure  of  the 
wind  is  more  than  sufficient,  the  sails  turn  on  an  edge,  and  pres|i 
back  the  sliding  bolt,  which  prevents  their  going  with  too  great 
velocity;  and   whenever  the   wind  abates,   the  sails,   by   the 
weight  a,  are  pressed  up  to  their  proper  place  again.     By  this 
apparatus  the  wind  is  regulated  and  justly  proportioned  to  the 
resistarure  or  work  at  any  time  to  be  performed;  an  uniformity 
of  motion  is  likewise  secured,  and  the  mill  is  far  less  likely  ever 
to  move  with  so  rapid  a  motion  as  to  risque  its  destruction. 

That  the  reader  may  understand  how  these  effects  are  pro;- 
duced,  we  have  represented,  in  fig.  8,  the  iron  rod  and  the  arms 
which  bear  against  the  vanes  or  sails ;  ah  is  the  iron  rod  which 
passes  through  the  windshaft  c  in  fig.  7 ;  A  is  the  extremity 
which  moves  in  the  brass  stud  that  is  fixed  upon  the  sliding 
bolt;  at,  ai,  &c.  are  the  cross  arms  at  right  angles  to  ahy 
whose  extremities  i,  i,  similarly  marked  in  fig.  7.  bear  upon  the 
edges  of  the  vanes.     The  arms  ai  are  6i  feet  long,  reckoning 
from  the  centre  a,  1  foot  broad  at  the  centre,  and  5  inches 
thick;  the  eight  arms  n,  77,  &c.  that  carry  the  sails,  are  ISJ  feet 
long,  their  greatest  breadth  is  1  foot,  and  their  thickness  9  inches, 
gradually  diminishing  to  their  outer  ends,  where  they  are  only 
3  inches  in  diameter:  the  inner  ends  of  these  arms  are  mortised 
into  the  windshaft.     The  4  cardinal  sails  771,  m,  vi,  m,  are  each 
13  feet  long,  8  feet  broad  at  their  outer  ends,  and  3  feet  at  their 
lower  extremities ;  p,  p,  &c.  are  the  four  assistant  sails  which 
have  tibe  same  dimensions  as  the  cardinal  ones  to  which  they 
afe  joined  by  the  line  ssss.     The  angle  of  the  sail's  inclination 
when  first  opposed  to  the  wind  is  45  degrees,  and  regularly 
the  same  from  end  to  end. 

It  is  evident  from  the  preceding  description  of  this  machine, 
that  the  windshaft  c  moves  along  with  the  sails :  the  vertical 
crown  wheel  v  drives  the  spur  wheel  r,  fixed  upon  the  axis  t, 
which  carries  also  the  spur  wheel  /.  This  wheel  impels  the  three 
wallow€rs  o,  one  of  which  only  is  seen  in  the  figure ;  these 
being  fixed,  upon  the  spindles  n,  &c.  communicate  motion  to 
the  taming  mill-6tones. 
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Mr.  John  Bywater^  of  Nottinghaniy^  took  out  a  patent  in 
September,  1804,  for  a  method  of  clothing  and  unclothing  the 
sails  of  windmills  whih  in  motion  (provided  they  are  made  after 
the  Dutch  manner),  by  which  the  mill  may  be  clothed  either 
in  whole  or  in  part,  in  an  easy  and  expeditious  manner,  by  a 
few  revolutions  of  the  sails,  whether  they  are  going  fast  or  slow, 
leaving  the  surface  smooth,  even,  and  r^ular  in  breadth  from 
top  to  bottom;  and  in  like  manner  the  cloth,  or  any  part  of  it, 
may  be  rolled  or  folded  up  to  the  whip  at  pleasure,  by  simple 
and  during  machinery.  The  invention  consists  in  either  foldmg 
or  unfolding  the  cloths  while  the  sails  are  in  motion,  by  means 
of  cvlinders,  or  rollers  of  any  shape,  as  long  as  the  sails,  with  a 
toothed  wheel  at  one  end  of  each,  working  either  directly  or  in- 
directly into  two  wheels  without  arms,  which  are  hung  so  as  to 
turn  upon  a  ring  of  iron  fixed  to  the  shaft-head  close  behind  the 
back*stocks,  and  which  may  be  alternately  stopped ;  so  that  the 
wheels  at  the  ends  of  the  cylinders  must  directly,  or  by  means 
of  a  connexion  of  wheels  called  carriers  or  nuts,  work  into 
them  by  revolving  round  th6m  through  the  power  of  the  wind 
acting  on  the  sails ;  so  that  the  cylinders  must  necessarily  turn 
round,  and  roll  up  or  fold,  or  unrol  or  unfold  the  cloth  which  is 
fastened  to  them,  according  to  the  respective  wheel  without 
arms  which  is  stopped  for  that  purpose.  Such  is  the  general 
contrivance:  a  detailed  account  with  figures,  may  be  seen  in 
the  Repertory  of  Arts,  &c.  vol.  vi.  N.  S. 

Horizontal  fVitid-mills.  Although  we  do  not  class  ourselves 
among  the  advocates  for  horizontal  wind-mills,  being  aware 
that  the  force  of  the  best  of  them  is  not,  at  tlie  most  favourable 
estimate,  much  more  than  one  fourth  of  the  force  of  a  vertical 
mill  having  equal  vanes :  yet,  since  there  are  some  few  situations 
and  circumstances,  in  which  the  former  can  be  adopted,  where 
the  latter  would  be  useless^  we  may  devote  a  little  space  to  the 
description  of  one  or  two. 

Mr.  Robert  Beatson  took  out  a  patent  in  October  1797,  for 
a  method  of  constructing  horizontal  mills,  to  be  impelled  either 
by  wind  or  water.  This  gentleman's  exclusive  principle  consists 
in  a  peculiar  method  of  constructing  and  disposing  those  sur- 
faces upon  which  wind,  water,  See.  shall  act,  in  which  by  oppos- 
ing alternately  a  resisting  and  a  non-resisting  surface,  their  whole 
force  or  impulse  acts  in  a  direct  manner  upon  the  resisting  side 
of  a  wheel,  vane,  8cc.  or  other  surface,  in  proportion  to  its 
extent;  and  when  the  moving  force  acts  upon  the  other,  or 
returning  side,  the  parts  of  the  vanes  give  way,  and  allow  a 
passage  with  little  resistance,  except  what  is  occasioned  by  the 
thin  edges  of  the  constituent  flaps,  together  with  that  small 
portion  which  consists  of  the  force  requisite  to  the  raising  up  or 
opening  of  these  flaps. 


Horizontai  Wind-mills.  545 

Tlius  fig.  S.  pi.  XXXVII.  is  a  direct  view  or  elevation  of 
two  opposite  sides  of  aa  horizontal  wind-milly  wherein  AP  and 
v.r>  are  two  of  the  upper  arms^  and  bi  and  fo  two  of  the  lower 
^rms,  of  which  there  are  generally  four  in  number,  crossing 
each  other  at  right  angles^  that  is  to  say^  four  upper  arms  and 
four  lower  arms,  ck  is  the  vertical  shaft  into  which  the  arms 
ure  fixed*  There  are  two  rectangular  frames,  which  may  either 
be  immoveably  fixed  between  the  upper  and  lower  arms,  or 
they  may  be  made  to  slide  backwards  or  forwards  so  as  to  be 
placed  near  to,  or  fardier  from,  the  vertical  sliaft,  as  shall  be 
required.  The  surface  or  space  contained  within  these  frames 
<which..Mr.  Beatson  calls  the  vanes)  is  filled  up,  or  covered, 
with  any  sort  of  thin  light  substance  for  the  wind  to  act  upon, 
as  canvas,  linen,  leather,  or  even  paper  or  pasteboard,  which, 
if  thought  requisite,  may  be  prepared  with  oil,  paint,  vambh,  or 
otherwise,  in  such  a  manner  as  to  resist  wet,  and  to  enable  the 
wind  to  act  upon  them  with  the  more  effect.  Or  these  spaces 
or  vanes  may  be  covered  with  any  other  thin  or  light  substance 
or  substances  suitable  to  the  purpose.  It  will,  however,  be 
observed,  that  with  whatever  materials  these  vanes  are  covered, 
it  must  not  be  in  one  whole  piece,  but  divided  into  a  number  of 
f>mall  separate  parts  or  flaps,  placed  in  such  a  manner  as  to 
overwrap  each  other  a  httle.  That  is  to  say,  if  the  mill  is 
intended  to  turn  round  from  left  to  right,  the  lower  part  of  the 
upper  flap  1  of  the  vane  enclosed  between  ap  and  bi  mtist 
over- wrap  the  upper  part  of  the  flap  2.  The  lower  part  of  2 
must  over- wrap  the  upper  part  of  3,  &c^,  so  that,  all  the  over- 
wraps being  on  the  near  side,  the  daps  will  all  be  close  shut 
when  the  wind  acts  upon  them,  and  consequently  the  vane  will 
receive  its  whole  impulse  the  same  as  if  it  consisted  of  one 
entire  piece.  The  flaps  in  the  opposite  vane  jsdfo  must,  how- 
ever, be  suspended  in  a  different  manner.  That  is,  the  over- 
wraps must  all  be  on  the  reverse  or  off  side,  by  which  means, 
while  the  wind  shuts  all  the  flaps  on  the  left  or  resisting  side, 
and  is  acting  thereupon  with  its  full  force,  it  opens  all  those  on 
the  right  or  non-resisting  side,  and  passes  through  between 
ihem  with  little  or  no  resistance  except  what  is  occasioned  by 
their  edges,  which  should  be  as  thin  as  possible,  that  the  resist- 
ance may  be  the  less ;  and  if  these  flaps  are  properly  suspended 
and  counterpoised,  the  resistance  will  be  nearly  as  small  as  if 
there  were  no  covering  at  all  upon  the  vane  £DFG« 

It  is  therefore  evident,  that  if  there  are  four  of  these  per- 
forated vanes^  crossing  each  other  at  right  angles,  when  the  wind 
acts  upon  the  resisting  side  with  all  the  flaps  shut,  and  passes 
through  the  non-resisting  side  with  all  the  flaps  open,  the  former 
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yfiH  be  impelled  forward,  and  will  be- succeeded  by  the  second 
vane,  upon  which  the  wind  will  then  begin  to  act;  and  thus,  by 
the  one  vane  succeeding  the  other,  a  constant  rotation  will  be 
produced  so  long  as  there  is  wind  sufficient  to  impel  them  foiv 
ward:  and  it  signifies  not  from  what  quarter  the  wind  blows,  as 
its  effect  will  be  the  same  upon  vanes  of  this  construction, 
which  will  always  turn  the  same  way  with  any  wind.  If  thci 
over-wraps  were  made  on  the  near  side  of  the  right  vi^ne,  and 
the  off  side  of  the  left,  they  would  turn  round  the  ppposite  way, 
as  the  right  side  would  in  that  case  become  the  resisting  side^ 
and  the  left  the  non-resisting. 

The  flaps  of  the  vanes  should  consist  of  thin  light  frames  of 
metal,  whalebone,  or  any  other  substance  fit  for  the  purpose  of 
stretching  the  canvas,  linen,  &c.  upon,  and  should  be  suspended 
by  two  small  bolts,  staples,  or  hinges,  at  the  upper  corners, 
upon  which  they  should  hang  freely  and  loosely,  so  as  to  b^ 
easily  opened  by  the  wind;  or,  if  they  are  made  of  thin  wood, 
or  light  plates  of  metal,  there  will  be  no  occasion  for  stretching- 
frames,  as  the  bolts  or  hinges  may  be  fitted  to  tibeir  uppe|r 
comers. 

The  manuer  of  stopping  and  regulating  these  n(iills  may  eithei: 
be  by  a  brake  or  gripe,  as  in  the  common  wind-mills,  or  (what 
is  perhaps  better)  by  a  contrivance  for  opening  or  shutting  all 
the  flaps  of  the  vanes  at  pleasure.  This  may  be  done  by  small 
Topes  or  chains,  fixed  to  about  the  middle  of  the  lower  edges  of 
the  flaps,  and  conducted  over  rollers  or  pulleys  at  the  top  of  the 
vanes  to  the  inner  side  of  the  mill;  by  means  of  which  ropes,  or 
chains,  all  the  flaps  in  the  vanes  may  be  at  once  drawn  up  when 
required.  Other  methods  are  given  by  Mr.  Beatson.  But  these 
mills  might  be  easily  made  to  regulate  themselves,  according 
to  the  power  of  the  vnnd,  by  means  of  bulky  weights,  or  pen- 
dulums fixed  to  inflexible  rods,  and  suspended  out  of  the  mill 
upon  the  arms  or  frames,  or  within  it,  in  such  a  manner  as  X6 
operate  upon  the  sheaves  or  pinions,  or  the  ropes  that  open  the 
flaps  ;  which,  if  these  balls  or  weights  are  properly  situated  and 
constructed,  they  will  dp  more  or  less,  according  to  the  velocity 
at  which  the  vanes  are  moving. 

Mr.  Beatson's  principle  may  likewise  be  applied  to  horizontal 
water-mills  in  proper  situations ;  especially  for  wheels  to  go 
under-water^  in  the  current  of  a  river,  or  by  the  ebbing  and 
flowing  of  the  tide,  where  the  situation  will  not  admit  of  any 
fall  for  under-shot  or  over- shot  wheels,  or  when  the  river  is  apt 
sometimes  to  rise,  and  sometimes  to  fall,  so  much  that  such 
wheels  cannot  be  used  advantageously. 

At  the  same  time,  where  mills  of  some  sort  would  be  of  great 
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«ilili^  in  raising  water  to  supply  towns,  country  seats,  8cc.  or 
for  other  purpp^eSy  a  wheel,  on  the  principle  here  mentioned,, 
might  he  used  in  such  places  to  great  advantage/ as  it  would  go 
either  wholly  under  water,  or  partly  so,  and  would  always  turn 
round  the  same  way,  whether  the  current  was  running  down  the 
river  or  up,  as  when  affected  by  the  tides,  and  therefore  might 
be  applied  to  tide-mills. 

The  daps  for  water-wheels  of  this  sort  may  he  made  either 
of  thin  deal  or  other  boards,  or  of  thin  plates  of  metal.  These 
water-wheels  may  be  stopped  or  regulated  by  a  sluice  on  either 
side,  to  stop  the  current,  or  to  admit  only  so  much  as  is  thought 
necessary ;  and  there  may  be  other  sluices  to  open  at  a  suitable 
distance  on  both  sides  of  tli^e  wheel,  when  the  wheel  sluices  are 
shut. 

Mr.  Beatson  proposes,  likewise,  to  apply  the  same  method 
pf  construction  to  several  other  objects  and  purposes,  as  to  the 
pistons  of  pumps,  oars,  and  sails  for  ships,  ventilators,  sluices^ 
buckets  for  wells,  8cc.  for  a  more  particular  description  of  which 
we  must  refer  the  reader  to  vol.  ii.  of  the  Repertory  of  Arts  and 
Manufactures,  $^ond  seriei^,  where  Mr,  Beatson^s  specificatioi^ 
}s  published. 

Another  horizontal  mill  has  been  recently  proposed  by  Mr, 
John  Jackson;  the  following  description  of  which  has  appeared 
in  No.  4  of  the  iLetrospefit  of  Philosophical  and  Mechanical 
Discoveries,  a  very  respectable  and  useful  publication. 

In  this  mill  a  stout  vertical  shaft  carries  two  pairs  of  horizon- 
tal amis,  crossing  each  other  at  right  angles,  so  as  to  form 
suitable  supports  for  the  axles  of  four  wheels  carrying  as  many 
vanes,  each  placed  at  an  equal  distance  from  the  yertu;al  shaft, 
and  at  quadrantal  distances  from  one  to  another.  There  are  d 
toothed  wheels  arranged  in  the  same  horizontal  plane,  and  mu« 
tually  drivii^g  one  another.  The  central  wheel  drivel  four  others, 
which  are  called  mean  wheels;  and  these  again,  four  others  called 
extreme  wheels :  the  mean  and  extreme  wheels  are  attached  to 
the  arms  by  their  axles,  and  are  carried  about  with  them  when 
in  motion ;  the  extreme  wheeb  are  fix^d  to  their  axles,  and  the 
vanes  are  fixed  to  those  axles,  and  consequently  turn  with  them. 
These  vanes  are  posited  with  respect  to  each  other,  in  such  man« 
ner  that  their  planes  make  angles  of  45^  90^^  135%  and  180% 
with  some  variable  plane;  so  that  while  one  vane  is  completely 
exposed  to  the  wind,  a  second  and  fourth  are  opposed  to  it  ob» 
liquely,  and  the  third  turns  its  end  towards  it,  so  as  to  offer  but 
little  resistance.  Each  of  the  extreme  wheels  has  twice  as  many 
teeth  as  the  central  wheel ;  of  consequence,  during  one  revolu* 
^pn  of  the  centr4l  wheel,  each  extreme  wheel  turns  half  roui^. 
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and  each  vane  presents  its  sides  alternately  to  the  wind.  The 
centre  wheel  consists  of  a  drum  or  hollow  shaft,  through  which 
the  axle  of  the  wheel  passes.  A  handle  is  fixed  to  the  lower 
extremity  of  the  drum-shaft,  by  which  the  centre  wheel  is 
occasionally  moved :  this  arm  serves  also  as  an  index,  and  com* 
munieates  with  a  circle,  representing  the  horizon,  on  which  are 
delineated  the  points  of  the  compass.  When  the  machine  is  in 
motion,  the  index  is  set  and  fastened  to  that  point  from  which 
the  wind  blows,  in  order  to  adjust  the  position  of  the  vanes  with 
respect  to  die  wind.  Any  motion  of  the  index  to  the  right  or 
left  of  this  point  will  alter  the  position  of  the  vanes,  and  occasion 
a  diminution  of  poyirer.  in  the  machine  ;  and  it  is  by  this  index 
that  the  machine  is  stopped,  or  made  to  turn  in  a  contrary 
direction ;  a  peculiarity,  when  referred  to  wind-mills,  ,which 
exclusively  belongs  to  this  contrivance. 

An  ingenious  horizontal  mill  by  Messrs.  Claude  Frangois,  and 
Jean  Claude  du  Bost,  is  described  in  Recueil  des  Machines  et 
Inventions  approuv^es  par  I'Acad.  Roy.  des  Sciences,  tom.  vii. 
Some  judicious  remarks  on  the  comparative  advantages  of  Hori* 
zontal  and  Vertical  Wind-mills,  and  indeed  much  useful  inform- 
ation on  the  subject  of  Wind-mills  in  general,  may  be  found  in 
the  second  vol.  or  Dr.  Brewster's  edition  of  Ferguson's  Lectures. 

For  M.  Prony's  expedient  for  equaUzing  uie  velocity  and 
effects  of  wind-mills,  see  the  article  Condenssu  of  Forces  in 
this  volume. 

WIPERS,  in  some  kinds  of  machinery,  as  oil-mills,  powder- 
mills,  fulling-mills,  are  pieces  projecting  generally  from  hori^ 
zontal  axles,  for  the  purpose  of  raising  stampers,  pounders,  or 
heavy  pistons,  in  vertical  directions,  and  then  leaving  them  to 
fall  by  their  own  weight. 

When  the  wipers  are  only  small  cylinders  projecting  perpen- 
dicularly from  the  surface  of  the  horizontal  arbor,  on  which 
they  are  fixed,  the  force  with  which  they  elevate  tlie  respective 
stampers  will  not  act  uniformly  during  the  whole  time  in  which 
they  are  rising;  yet,  a^ uniformity  of  force  and  velocity  is  ge- 
nerally a  desireable  thing  to  be  attained ;  and  may  always  be 
effected  by  assigning  a  proper  form  to  the  wipers  and  commu« 
picating  parts.  A  few  directions  for  the  determination  of  the 
due  shape  are  here  given,  for  the  use  of  the  mechanic* 

Suppose  that  in  fig.  15.  pi.  XX XII.  the  circle  described 
about  the  centre  a  is  a  vertical  section  of  the  arbor  on  which 
the  wipers  are  placed ;  and  that  the  line  ia  shews  the  distance  of 
an  arm  of  one  of  the  stampers  from  the  centre  a :  describe  with 
centre  a  and  radius  ab  an  arc  bed ...  A;,  on  which  set  off  the 
equal  parts  be,  cd,  de,  ef,  &c.  as  siQall  as  can  conveniently  be 
done :  draw  the  radii  ac,  ad.  ae,  &c.  on  the  extremities  of  which 
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erect  perpendiculars  equal  to  the  respective  arcs  cb,  db,  c&,  8ce, 
and  continue  them  until  the  last  of  them  ink  is  equal  to  the 
height  to  which  the  stamper  is  to  be  elevated :  this  being  done, 
draw  the  curve  n6  tlirough  the  extremities  of  the  several  per- 
pendiculars to  the  radiiy  it  will  form  an  involute  of  the  circular 
arc  bk  (which  indeed  may  be  either  constructed  thus  or  in  the 
usual  way  at  ouce,  with  a  thread),  and  will  be  the  figure  that 
may  be  given  to  the  upper  surface  of  a  wiper,  when  it  is  to  give 
a  uniform  motion  to  the  rising  stamper.     For  as  all  the  radii  of 
curvature  of  n  b  are  tangents  to  the  circumference  of  the  srene- 
rating  circle  bk,  the  arm  yib  of  the  stamper  can  never  touch  the 
w^iper  in  more  than  one  point  (or  horizontal  line,  whose  section 
is  a  point).     When  it  is  the  point  $,  for  example,  the  radius  ad 
which  answers  to  the  tangent  $d  will  be  horizontal ;  of  conscf- 
quence  W  will  be  perpendicular  to  the  horizon,  and  its  extremity 
^  alone  will  touch  mJ;  W  at  the  same  time  will  be  the  height 
to  which  the  stamper  will  be  raised.     As  the  same  thing  will 
obtain  at  all  the  points  where  the  arm  wi  touches  the  wiper, 
the  arm  of  the  lever  which  communicates  the  force  will  be  con- 
stantly the  same,  that  is,  it  will  be  equal  to  ab ;  and  the  arm  of 
the  lever  at  which  the  resistance  acts  being  always  equal  to  mA, 
it  follows  that  the  stampers  will  be  raised  entirely  with  a  uniform 
force,  and  in  a  direction  perpendicular  to  the  horizon. 

To  determine  the  position  of  the  point  A,  or  the  magnitude  of 
the  arc  kb,  the  distance  ah  must  be  known,  and  the  circumfer- 
ence c  of  the  circle  found  corresponding  to  this  radius :  then 
make  the  line  l  equal  to  the  height  to  which  the  stamper  is  to 
be  raised';  and  say  as  c  to  l,  so  is  360**  to  the  degrees  and  parts 
in  the  arc  bk  or  the  -angle  bak :  draw  froni  a  the  line  bk,  mak- 
ing with  ba  the  angle  thus  found,  and  k  is  then  ascertained. 
Divide  the  line  l  and  the  arc  bk  into  an  even/y  even  number  of 
parts,  set  off  from  the  points  c,  d,  e,  &c.  of  the  arc  the  tangents 
in  arithmetical  progression,  and  equal  to  the  respective  parts  on 
the  line  l  measured  from  one  of  its  extremities ;  and  thus  tbi 
curve  nW  will  be  traced  with  great  facility.  Th€  shape  of  the 
wipers  as  they  are  fixed  singly  in  the  arbor,  will  also  appear  from 
the  same  figure. 

In  the  figure  we  have  represented  only  one  stamper  and  one 
wiper :  bat  it  often  happens  that  6,  8,  10,  or  more  stampers  are 
worked  by  wipers  projecting  from  one  horizontal  arbor:  in  this 
case  the  wipers  should  be  so  distributed  that  the  resistance 
arising  from  all  the  stampers  shall  be  as  nearly  as  possible  a  con- 
stant quantity :  to  effect  this,  let  all  the  stampers  be  placed  at 
equal  distances  in  a  line  parallel  to  the  axle  or  arbor ;  let  also  a 
single  spiral  run  once  completely  round  from  one  end  of  the 
arbor  to  the  other,  and  let  the  wipers  be  at  equidistant  positions 
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cm  this  !fpirfl(} :  thus  will  all  the  stampers  be  raised  and  permitted 
.  to  fall  at  equidistant  intervals  diuiog  every  rotation  of  the  arhon 

Sometimes  a  small  roller  is  fixed  to  the  extremity  of  the  arm 
ubf  to  diminish  die  friction ;  and  in  this  case  a  curve  must  be 
drawn  within  mi,  parallel  to  it,  and  at  a  distance  equal  to  the 
radius  of  the  roller;  this  new  curve  exhibiting  the  shape  and 
position  of  the  upper  face  of  the  wiper. 

In  some  machmes  stampers  or  {ustons  are  raised  by  giving  a 
proper  curvature  to  the  arm  Mb,  and  fixing  the  roller  upon  the 
extremity  of  a  bent  bar,  whose  end  is  in«the  direction  of  a  radius 
produced :  in  this  case  the  arm  must  be  shaped  into  part  of  a 
cycloid,  the  radius  of  whose  generatii^  circle  is  equal  to  the 
.  distance  from  the  extremity  of  the  wiper  to  the  centre  of  the 
arbor;  and  this  curve  must  be  placed  at  the  outer  part  of  the 
rollers,  to  form  the  lower  face  of  die  arm. 

The  wiper  may  often  be  formed  with  great  propriety  like  the 
Archimedean  spiral,  according  to  the  method  described  by  Dr« 
Brewster,  and  thus  raise  a  stamper  with  a  uniform  motion.  To 
this  end  let  ah  (fig.  12.  pL  XXXIJL.)  be  a  whi^el  put  into  mo- 
tion by  any  power  which  is  sufficient  to  raise  the  weight  mn,  by 
its  extremity  o^  from  o  to  e,  in  the  same  time  that  the  wheel 
movea  round  one  fourth  of  its  circumference,  it  is  required  to 
fix  upon  its  rim  a  wing  obcdeh  which  shall  produce  this  effect 
.with  an  uniform  effort  Divide  the  quadrant  oh  into  any  num- 
ber of  equal  parts  om,  mn ;  8cc.  the  more  the  better,  and  oe  into 
the  same  number  ob,  be,  cd,  8lc.  and  through  the  points  m,  n,p, 
.H,  draw  the  indefinite  lines  ab,  ac,  ad,  ae,  and  make  ab  equal 
to  Ab,  AC  to  Kc,  ad  to  Adf  and  ae  to  Ae;  then  through  the 
points  o,  B,  c,  D,  E,  draw  the  curve  obcde,  which  is  a  portion 
of  the  spiral  of  Archimedes,  and  will  be  the  proper  form  for  the 
wiper  or  wing  ohe.  It  is  evident  that  when  the  point  m  has 
arrived  at  o,  the  extremity  of  the  frame  will  have  arrived  at  h 
because  ab  is  equal  to  Ab ;  and  for  the  same  reason,  when  the 
)K>ints  n,  p,  H,  have  successively  arrived  at  o,  the  extremity  of 
the  frame  will  have  arrived  at  the  corresponding  points  c,  rf,  e. 
The  giotiqn  therefore  will  be  uniform,  because  the  space  de- 
scribed by  the  weight  is  proportional  to  the  space  described  by 
.the  moving  power,  ob  being  to  oc,  as  om  to  on.  If  it  be  re- 
quired to  raise  the  weight  mn  with  an  accelerated  or  retarded 
motion,  we  have  only  to  divide  the  line  oe,  according  to  the  law 
of  acceleration  or  retardation,  and  divide  the  curve  obcde  as 
before.  It  is  scarcely  necessary  to  add,  that  the  vertical  bar 
between  n  and  m  must  be  kept  from  lateral  deviations,  by  being 
made  either  to  ri|n  between  rollers,  or  to  slide  in  a  groove. 

We  have  all  along  supposed  that  the  wheel  or  the  arbor  which 
carries  the  wipers,  turns  upon  a  horizontal  axis:  we  might 
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txliibit  methods  by  whi<;h  stampers^  8cc.  could  be  raised  uni- 
formly  by  wheels  moving  at  right  angles  to  the, plane  in  which 
these  stampers  move ;  but  such  methods  are  intricate  and  not 
inuch  to  be  recommended,  as  they  may  always  be  avoided  by  a 
small  addition  of  the  machinery,  or  some  slight  modifications  ia 
its  general  distribution. 

WORCESTER,  Marquis  of,  his  Century  of  Inventions^ 
The  curious  and  interesting  tract,  first  published  under  this 
title  about  the  middle  of  the  seventeenth  century,  though  often 
referred  to  by  mechanical  writers,  being  but  little  knorsvn,  and 
containing  various  striking  hints,  some  now  matured,  and  others 
not  yet  completed ;  it  is  conceived  its.  entire  insertion  in  this 
place  will  be  acceptable  to  the  inquisitive  reader. 

1 .  Several  sorts  of  seals,  some  shewing  by  screws,  others  by 
gages,  fastening  or  unfastening  ^11  the  marks  at  once :  others  by 
additional  points  and  imaginary  places,  proportionable  to  ordi-> 
nary  escutcheons  and  seals  at  arms,  each  way  palpably  and 
punctually  setting  down  (yet  private  from  all  others  but  the 
owner,  and  by  his  assent,)  the  day  of  the  month,  the  day  of  the 
week,  the  month  of  the  year,  the  year  of  our  Lord,  the  names 
of  the  witnesses,  and  the  individual  place  where  any  thing  was 
sealed,  though  in  ten  thousand  several  places,  together  with  the 
very  number  of  lines  contained  in  a  contract,  whereby  falsifica-> 
tion  may  be  discovered,  and  manifestly  proved,  being  upon  good 
grounds  suspected. 

Upon  any  of  these  seals  a  man  may  keep  accounts  of  receipts 
and  disbursements  from  one  farthing  to  an  hundred  millious, 
punctually  shewing  each  pound,  shilling,  penny,  or  farthing. 

By  these  seals  likewise  any  letter,  though  written  but  in  En- 
glish, may  be  read  and  understood  in  eight  several  languages, 
and  in  English  itself  to  clean  contrary  and  difierent  sense,  un« 
known  to  any  but  the  correspondent,  and  not  to  be  read  or 
understood  by  him  neither,  if  opened  before  it  arrive  unto  him ; 
so  that  neither  threats,  nor  hopes  of  reward,  can  make  him  re- 
veal the  secret,  the  letter  having  been  intercepted,  and  first 
opened  by  the  enemy. 

2.  How  ten  thousand  persons  may  use  these  seals  to  all  and 
every  of  the  processes  aforesaid,  and  yet  keep  their  secrets  from 
any  but  whom  they  please. 

3.  A  cipher  and  character  so  contrived,  that  one  line,  with- 
out returns  and  circumflexes,  stand  for  each  and  every  of  the 
twenty-four  letters ;  and  as  ready  to  be  made  for  the  one  letter, 
as  the  other. 

.    4.  This  inviention  refined,  and  so  abbreviated,  that  a  poiht 
only  sheweth  distinctly  and  significantly  any  of  the  twenty-four 
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letters ;  and  these  very  points  to  be  made  with  two  pens,  so  that 
no  time  will  be  lost,  but  as  one  riseth,  the  other  may  make  the 
following  letter,  never  clogging  the  memory  with  several  figures 
for  words,  and  combination  of  letters;  which  with  ease,  and 
toid  of  confusion,  are  thus  speedily  and  punctually,  tetter  for 
letter,  set  down  by  naked  and  not  multiplied  points.  And  no- 
thing can  be  less  than  a  point,  the  mathematical  definition  of 
being  Cujia  pars  nulla.  And  of  a  motion  no  swifter  imaginable 
than  Semiquavers  or  Releskes,  yet  applicable  to  this  manner  of 
writing. 

5.  A  way,  by  a  circular  motion,  either  along  a  rule  or  ring- 
wise,  to  vary  any  alphabet,  even  this  of  points,  so  that  the  self- 
same point  individually  placed,  without  the  least  additional 
mark  or  variation  of  place,  shall  stand  for  all  the  twenty-four 
letters,  and  not  for  the  same  letter  twice  in  ten  sheets  writing  ; 
yet  as  easily  and  certainly  read  and  known,  as  if  it  stood  but  for 
one  and  the  self-same  letter  constantly  signified. 

6.  How  at  a  window,  as  far  as  eye  can  discover  black  from 
white,  a  man  may  hold  discourse  with  bis  correspondent,  with- 
out noise  made  or  notice  taken ;  being,  according  to  occasion 
given,  and  means  afforded,  Ex  re  natd,  and  no  need  of  provi*- 
sion  before-hand ;  though  much  better  if  foreseen,  and  mean$ 
prepared  for  it,  and  a  premeditated  course  taken  by  mutual 
consent  of  parties.  * 

7.  A  way  to  do  it  by  night  as  well  as  day,  though  as  dark  as 
pitch  is  black. 

8.  A  way  how  to  level  and  shoot  cannon  by  night  as  well  as 
by  day,  and  as  directly ;  without  a  platform  or  measures  taken 
by  day,  yet  by  plain  and  infallible  rule. 

9.  An  engine,  portable  in  one's  pocket,  which  may  be  carried 
and  fastened  on  the  inside  of  the  greatest  ship,  Tartquam  aliud 
agens,  and  at  any  appointed  minute,  though  a  week  after,  either 
of  a  day  or  night,  it  shall  irrecoverably  sink  that  ship. 

10.  A  way  from  a  mile  off  to  drive  and  fasten  a  like  engine 
to  any  ship,  so  as  it  may  punctually  work  the  same  eflect, 
either  for  time  or  execution. 

1 1.  How  to  prevent  and  safeguard  any  ship  from  such  an  at- 
tempt by  day  or  night, 

12.  A  way  to  make  a  ship  not  possible  to  be  sunk,  though 
shot  an  hundred  times  betwixt  wind  and  water  by  cannon,  and 
should  lose  a  whole  plank,  yet,  in  half  an  hour's  time,  should  be 
made  as  fit  to  sail  as  before* 

13.  How  to  make  such  false  decks  as  in  a  moment  stiould 
kill  and  take  prisoners  as  many  as  should  board  the  ship,  with- 
out blowing  the  decks  up,  or  destroying  them  from  being  re- 
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diicible,  and  in  a  quarter  of  an  hour's  time  should  recover  their 
former  shape,  and  to  be  made  fit  for  any  employment,  without 
discovering  the  secret. 

14.  How  to  bring  a  force  to  weigh  up  an  anchor,  or  to  do 
any  forcible  exploit,  in  the  narrowest  or  lowest  room  in  any  ship, 
where  a  few  hands  shall  do  the  work  of  many ;  and  many  hands 
applicable  to  the  same  force,  some  standing,  others  sitting,  and 
by  virtue  of  their  several  helps,  a  great  force  augmented  in  little 
room,  as  effectually  as  if  there  were  sufficient  space  to  go  about 
with  an  axletree,  and  work  far  from  the  centre. 

15.  A  way  how  to  make  a  boat  work  itself  against  wind  and 
tide,  yea,  both  without  the  help  of  man  or  beast :  yet  so  that  the 
wind  or  tide,  though  directly  opposite,  shall  force  the  ship  or 
boat  against  itself;  and  in  no  poiiit  of  the  compass,  but  it  shall 
be  as  effectual  as  if  the  wind  were  in  the  pump,  or  the  stream 
actually  with  the  course  it  is  to  steer,  according  to  which  the 
oars  shall  row,  and  necessary  motions  work  and  move  towards 
the  desired  port  or  point  of  the  compass. 

16.  How  to  make  a  sea»castle  or  fortification  cannon-proof, 
and  capable  of  a  thousand  men,  yet  sailable  at  pleasure  to  de- 
fend a  passage,  or  in  an  hour's  time  to  divide  itself  into  three 
ships,  as  fit  and  trimmed  to  sail  as  before :  and  even  whilst  it  is 
a  fort  or  castle,  they  shall  be  unanimously  steered,  and  effectually 
be  driven  by  an  indifferent  strong  wind. 

17.  How  to  make  upon  the  Thames  a  floating  garden  of 
pleasure,  with  trees,  flowers,  banquetting  houses,  and  fountains, 
stews  for  all  kinds  of  fishes,  a  reserve  for  snow  to  keep  wine  in^ 
delicate  bathing-places,  and  the  like;  with  music  made  with 
mills;  and  all  in  the  midst  of  the  stream,  where  it  is  most 
rapid. 

18.  An  artificial  fountain  to  he  turned  like  an  hour-glass,  by 
a  child,  in  the  twinkling  of  an  eye,  it  holding  great  quantity  of 
water,  and  of  force  sufficient  to  make  snow,  ice,  and  thunder^' 
with  a  chirping  and  singuig  of  birds,  and  shewing  of  sever/ 
sliapes  and  effects,  usual  to  fountains  of  pleasure. 

19.  A  little  engine  within  a  coach,  whereby  a  child  may  ^^p 
it,  and  secure  all  persons  within  it,  and  the  coachman  hi'^^^"? 
though  the  liorses  be  never  so  unruly  in  a  full  career :  *  child 
being  sufficiently  capable  to  loosen  them,  in  what  pc^wre  so- 
ever they  should  have  put  themselves,  turning  neve'^^  short ; 
for,  a  child  can  do  it  in  the  twinkling  of  an  eye. 

20.  How  to  bring  up  water  balance-wise,  so"^^^  ^^  "^^'^ 
weight  or  force  as  will  turn  ix  balance  will  l>  ^"v  needful, 
more  than  the  weight  of  the  water  within  ihe^"^*^^*^,  which, 
counterpoised,  empty  themselves  one  into  tb^^*^''^."*^  upper- 
fnost  yieldmg  its  water  (how  great  a  quantV  s^^^ver  it  holds)  at  * 
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the  self-same  time  the  lowermost  taketh  it  in^  though  it  be  afl 
hundred  fathom  high. 

2).  How  to  raiije  water  constantly  with  two  buckets  only 
day  and  night,  without  any  other  force  than  its  own  motion, 
using  not  so  nmch  as  any  force,  w  heel,  or  sucker,  nor  more 
puUies  than  one,  on  which  the  cord  or  chain  rolleth  with  a 
bucket  fastened  at  each  end.  This,  I  confess,  I  have  seen  and 
learned  of  the  great  mathematician  Claudiushis  studies  at  Rome, 
"iie  having  made  a  present  thereof  unto  a  cardinal ;  and  I  desire 
not  to  own  any  other  men's  inventions,  but,  if  1  set  down  any^ 
to  nominate  likewise  the  inventor. 

22.  To  make  a  river  in  a  garden  to  ebb  and  jQow  constantly, 
though  twenty  foot  over,  with  a  child's  force,  in  some  pri- 
vate room  or  place  out  of  sight,  and  a  <fompetent  distance 
from  it. 

23.  To  set  a  clock  in  a  castle,  the  water  filling  the  trenches 
about  it ;  it  shall  shew  by  ebbing  and  flowing  the  hours,  mi- 
nutes, and  seconds,  and  all  the  comprehensible  motions  of  the 
Heavens,  and  counterlibation  of  the  earth,  according  to  Co- 
pernicus. 

24.  How  to  increase  the  strength  of  a  spring  to  such  an 
height,  as  to  shoot  bumbasses  and  bullets  of  an  hundred  pound 
weight  a  steeple  height,  and  a  quarter  of  a  mile  off  and  more, 
stone-bow-wise,  admirable  for  fire-works  and  astonishing  of  be- 
sieged cities,  when  without  warning  given  by  noise  they  find 
themselves  so  forcibly  and  dangerously  surprised. 

25.  How  to  make  a  weight  that  cannot  take  up  an  hundred 
pound,  and  yet  shall  take  up  two  hundred  pound,  and  at  the 
self-same  distance  from  the  centre ;  and  so  proportionabiy  to 
millions  of  pounds. 

26.  To  raise  weight  as  well  and  as  forcibly  with  the  drawing 
back  of  the  lever  as  with  the  thrusting  it  forwards  :  and  by  that 
means  to  lose  no  time  in  motion  or  strength.  This  I  saw  in 
the  arsenal  at  Venice. 

27.  A  way  to  remove  to  and  fro  huge  weights,  with  a  most 
mionsiderable  strength,  from  place  to  place.     For  example, 

,  ten  \on  with  ten  pounds,  and  less ;  the  said  ten  pounds  not  to 
tall  Wer  than  it  makes  the  ten  ton  to  advance  or  retreat  upon 
a  level. 

28.  A  bridge  portable  in  a  cart  with  six  horses,  which  in  a 
few  hours  time  may  be  placed  over  a  river  half  a  mile  broad, 
whereon  wi\h  much  expedition  may  be  transported  horse,  foot, 
and  cannon. 

29.  A  portable  fortification  able  to  contain  five  hundred  fight* 
ing  men,  and  yet  in  six  hours  time  may  be  set  up,  and  made 
cannon-proof,  upon  the  side  of  a  river  or  pass,  with  caanoa 
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tnounted  upon  it,  and  as  complete  as  a  regular  fortification^  with 
half-moons  and  counterscarps. 

30.  A  way  in  one  night's  time  to  raise  a  bulwark  twenty  or 
thirty  foot  high,  cannon-proof,  and  cannon  mounted  upon  it, 
with  men  to  overlook,  command,  and  batter  a  town;  for  though 
it  contain  but  four  pieces,  they  shall  be  able  to  discharge  two 
hundred  bullets  each  hour. 

31.  A  way  how  safely  and  speedily  to  make  ah  approach 
to  a  castle  or  town-wall,  and  over  the  very  ditch^  at  noon-day. 

32*  How  to  compose  an  universal  character  methodically 
and  easy  to  be  written,  yet  intelligible  in  any  language;  so 
that  if  an  Englishman  write  it  in  English,  a  Frenchman, 
Italian,  Spaniard,  Irish,  Welsh,  being  scholars;  yea,  Grecian 
or  Hebritian,  shall  as  perfectly  understand  it  in  their  own 
tongue,  as  if  they  were  perfectly  Enghsb,  distinguishing  the 
verbs  from  nouns,  the  number^,  tenses,  and  cases,  as  properly 
expressed  in  their  own  language  as  it  was  written  in  English. 

33.  To  write  with  a  needle  and  thread,  white,  or  any  colour 
upon  white,  or  any  other  colour,  so  that  one  stitch  shall  signi-^^ 
ficantly  shew  any  letter,  and  as  readily  and  as  easily  shew  the 
one  letter  as  the  other,  and  fit  for  any  language. 

34.  To  write  by  a  knotted  silk  string,  so  that  every  knot  shall 
signify  any  letter  with  comma,  full-point,  or  interrogation, :and 
as  legible  as  with  pen  and  ink  upon  white  paper. 

35.  The  like  by  the  fringe  of  gloves. 

36.  By  stringing  of  bracelets. 
*37.  By  pincked  gloves. 

38.  By  holes  in  the  bottom  of  a  sieve. 

39.  By  a  lattin  or  plate  lanthoru. 

40.  By  the  smell. 

41.  By  the  taste. 

42.  By  the  touch. 

By  these  three  senses  as  perfectly,  distinctly,  and  uncon- 
fusedly,  yea  as  readily  as  by  the  sight.  . 

.43.  How  to  vary  each  of  these,  so  that  ten  thousand  may 
know  them,  and  yet  keep  the  understanding  part  from  any  but 
their  correspondent. 

44.  To  make  a  key  of  a  chamber  door,  which  to  your  sight 
hath  its  wards  and  rose  pipe  but  paper-thick,  and  yet  at  plea- 
sure in  a  minute  of  an  hour  shall  become  a  perfect  pistol, 
capable  to  shoot  through  a  breast-plate  commonly  of  carabine 
]f>roof,  with  prime,  powder,  and  fire-lock,  undiscoverable  ia  9, 
stranger's  hand. 

45.  How  to  light  a  fire  and  a  candle  ^at  what  hour  of  the 
night  one  waketh,  without  rising  or  putting  one's  hand  out  of 
the  bed.     And  the  same  thing  becomes  a  serviceable  pii>tol  at 
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pleasure :  yet  by  a  stranger,  not  knowing  die  secret,  seemeth 
but  a  dexterous  tinder-box. 

46.  How  to  make  an  artificial  bird  to  fly  which  way  and  as 
long  as  one  pleaseth,  by  or  against  the  wind,  sometimes  chirp- 
ing, other  times  hovering,  still  tending  the  way  it  is  designed 
for. 

47.  To  make  a  ball  of  any  metal,  which,  thrown  into  a  pool 
or  pail  of  water,  shall  presently  rise  from  the  bottom,  and  con- 
stantly shew  by  the  superficies  of  the  water  the  hour  of  the  day 
or  night,  never  rising*  more  out  of  the  water  than  just  to  the 
minute  it  sheweih  of  each  quarter  of  the  hour ;  and  if  by 
force  kept  under  water,  yet  the  time  is  not  lost,  but  recovered 
as  soon  as  it  is  permitted  to  rise  to  the  superficies  of  the 
water. 

'  48.  A  screwed  ascent,  instead  of  stairs,  with  fit  landing- 
places  to  the  best  chambers  of  each  story,  Mith  back  stairs 
within  the  noell  of  it,  convenient  for  servants  to  pass  up  and 
down  to  the  inward  rooms  of  them  unseen  and  private. 
■  49.  A  portable  engine,  in  way  of  a  tobacco  tongs,  whereby  a 
inan  may  get  over  a  wall,  or  get  up  again  being  come  down, 
finding  the  coast  proving  unsecure  unto  him. 

50.  A  complete  light  portable  ladder,  which  taken  out  of 
one's  pocket  may  be  by  himsetf  fastened  an  hundred  foot  high, 
16  get  up  by  from  the  ground. 

51.  A  rule  of  gradation,  which  with  ea.se  and  metliod  re- 
•  duceth  all  things  to  a  private  correspondence,  most  useful  for 

secret  intelligence. 

52.  How  to  signify  words,  and  a  perfect  discourse,  by  jan- 
gling of  bells  of  any  parish  church,  or  by  any  musical  instrument 
w  ithin  hearing,  in  a  seeming  way  of  tuning  it,  or  of  any  unskil- 
ful beginner. 

53.  A  way  how  to  make  hollow  and  cover  a  water  screw, 
as  big  and  as  long  as  one  pleaseth,  in  an  easy  and  cheap  wa}*. 

54.  How  to  make  a  water-screw  tight,  and  yet  transparent, 
and  free  from  breaking ;  but  so  clear,  that  one  may  palpably  see 
the  water,  or  any  heavy  thing,  how  and  why  it  is  mounted  by 
turixing. 

55.  A  double  water- screw,  the  innermost  to  mount  the  water, 
and  the  outermost  for  it  to  descend  tnore  in  number  of  threads, 
and  consequently  in  quantity  of  water,  though  much  shorter 
than  the  innermost  screw,  by  which  the  water  ascendeth,  a 
most  extraordinary  help  for  the  turning  of  the  screw  to  make 
the  water  rise. 

56>  To  provide  and  make  that  all  the  weights  of  the  de- 
scending side  of  a  wheel  shall  be  perpetually  farther  from  the 
centre  than  those  of  the  mounting  side^  and  yet  equal  in  number 
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and  heft  to  the  one  side  as  the  other.  A  most  incredible  thing, 
if  not  seen,  but  tried  before  the  late  king  (of  blessed  memory) 
in  th^  Tower,  by  my  directions,  two  extraordinary  embassadors 
accompanying  his  majesty,  and  the  Duke  of  Richmond,  and 
Duke  of  H  amilton,  widi  most  of  the  Court  attending  him.  The 
wheel  was  fourteen  foot  over,  and  forty  weights  of  fifty  pound9 
a  piece.  Sir  William  Balfore,  then  Lieutenant  of  tl^e  Towerj 
can  justify  it,  with  several  others.  They  all  saw,  that  no 
sooner  these  great  weights  passed  the  diameter  line  of  the 
lower  side,  but  they  hung  a  foot  farther  from  the  centre,  nor* 
no  sooner  passed  the  diameter  line  of  the  upper  side,  but  they 
hung  a  foot  nearer.     Be  pleased  to  judge  the  consequence. 

57.  An  ebbing  and  flowing  water- work  in  two  vessels,  into 
either  of  which  the  water  standing  at  a  level,  if  a  globe  be  cast 
in,  instead  of  rising,  it  presently  ebbeth,  and  so  remaineth  until* 
a  like  globe  be  cast  into  the  other  vessel,  which  the  water  is  no 
sooner  sensible  of,  but  that  vessel  presently  ebbeth,  and  the 
other  floweth,  and  so  continueth  ebbing  and  flowing  until  ooef 
or  both  of  the  globes  be  taken  out,  working  some  little  efieet 
besides  its  own  motion,  without  the  help  of  any  man  within 
sight,  or  hearing :  but,  if  either  of  the  globes  be  taken  out  with 
ever  so  swift  or  easy  a  motion,  at  tlie  very  instant  the  ebbing 
and  flowing  ceaseth ;  for,  if  during  the  ebbing  you  take  out  the 
globe,  the  water  of  that  vessel  presently  returneth  to  flow,  and 
never  ebbeth  after  until  the  globe  be  returned  into  it,  and  then 
the  motion  beginneth  as  before. 

58.  How  to  make  a  pistol  to  discharge  a  dozen  times  witli 
one  loading,  aod  without  so  much  as  once  new  priming  requi-* 
site,  or  to  change  it  out  of  one  hand  into  the  other,  or  stop  one's 
horse. 

59*  Another  way  as  fast  and  effectual,  but  more  proper  for 
carabines. 

60.  A  way,  with  a  flask  appropriated  unto  it,  which  will 
furnish  either  pistol  or  carabine  with  a  d62en  charges  in  three 
minutes  time,  to  do  the  whole  execution  of  a  dozen  shots^  as 
soon  as  one  pleaseth,  proportionably. 

6 1 .  A  third  way,  and  particular  for  musquets,  without  taking 
them  from  their  rests  to  charge  or  prime,  to  a  like  execution^ 
and  as  fast  as  the  flask)  the  musquet  containing  but  one  charge 
at  a  time. 

62.  A  way  for  a  harquebuss,  a  crock,  or  ship-musquet,  six 
upon  a  carriage,  shooting  with  such  expedition,  as  without 
danger  one  may  charge,  level,  and  discharge,  them  sixty  times 
in  a  minute  of  an  hour,  two  or  three  together. 

63.  A  sixth  way,  most  excellent  for  sakers,  differing  from  the 
other,  yet  as  swift. 
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64;  A  seventhy  tried  and  approved  before  die  late  king  (of 
i^Ter  blessed  memory)  and  an  hundred  lords  and  commons^  in  a 
cannon  of  eight  indies  half  quarter,  to  shoot  bullets  of  sixty- 
four  pounds  weight,  and  twenty-four  pounds  of  powder,  twenty 
times  in  six  minutes ;  so  clear  from  danger,  that,  after  all  were 
discharged,  a  pound  of  butter  did  not  melt  being  laid  upon  the 
cannou-britch,  nor  the  green  oil  discoloured  that  was  first 
anointed  and  used  between  the  barrel  diereof,  and  the  engine, 
baying  never  in  it,  nor  within  six  foot,  but  one  charge  at  a 
time. 

65.  A  way  that  one  nian  in  the  cabin  may  govern  the  whole 
side  of  ship-musquets,  to  the  number  (if  need  require)  of  2  or 
9Q0()  shots. 

66.  A  way  that  against  several  avenues  to  a  fort  or  castle, 
ov)^  man  may  charge  fifty  cannons  playing,  and  stopping  when 
be  pleasetli,  though  out  of  sight  of  the  cannon. 

j67.  A  rare  way  likewise  for  musquettobus  fastened  to  the 
pmmmel  of  the  saddle,  so  that  a  common  ti*ooper  cannot  miss 
to  charge  then^,  M'ith  twenty  or  thirty  bullets  at  a  tjunC;,  even  ii^ 
full  career* 

Whenfirut  I  gave  my  thoughts  to  make  guns  shoot  often,  I 
thought  tnat  there  had  been  but  one  only  exquisite  way 
inventible ;  yet,  by  several  trials,  and  much  charge^  I  hav^ 
'     perfectly  tried  all  these. 

6B.  An  admirable  and  most  forcible  w  ay  to  drive  up  M'ater 
by  fire,  not  by  drawing  or  sucking  it  upwards,  for  that  must  be, 
as  the  philosopher  callelh  it,  Intrh  spharam  activitatis,  which 
is  but  at  such  a  distance.  But  this  way  hath  no  bounder,  if 
the  vessels  be  strong  enough ;  for,  I  have  taken  a  piece  of  a 
whole  cannon,  whereof  the  end  was  burst,  and  filled  it  three 
quarters  full  of  water,  stopping  and  screwing  up  the  broken 
end,  as  also  the  touch-hole ;  and  making  a  constant  fire  under 
it,  within  twenty^four  hours  it  burst,  and  made  a  great  crack  : 
so  that  having  a  way  to  make  my  vessels,  so  that  they  are 
strengthened  by  the  force  within  them,  and  the  one  to  fill  after 
the  other;  I  have  seen  tlie  water  run  like  a  constant  fountain 
stream  forty  foot  high ;  one  vessel  of  water  rarefied  by  fire 
driveth  up  forty  of  cold  water.  And  a  man  that  tends  the 
work  is  but  to  turn  two  cocks,  that,  one  vessel  of  water  being 
consumed,  another  begins  to  force  and  re-fill  with  cold  w^ater, 
and  so  successively,  the  fire  being  tended  and  kept  constant, 
which  the  self>same  person  may  likewise  abundantly  perform 
in  the  interim,  between  the  necessity  of  turning  the  said 
coqks. 
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69.  A  way  how  a  little  triangle  screwed  key,  not  weighing  a 
riiilling,  shall  be  capable  and  strong  enough  to  bolt  and  unbolt 
round  about  a  great  chest,  an  hundred  bolts  through  fifty  sta- 
ples, two  in  each,  with  a  direct  contrary  motion,  and  as  many 
more  from  both  sides  and  ends,  and  at  the  self-same  time  shall 
fasten  it  to  the  place,  beyond  a  man's  natural  strength  to  take 
it  away :  and  in  one  and  the  same  turn,  both  locketh  and 
ppeneth  it. 

76.  A  key  with  a  rose-turning  pipe,  and  two  roses  pierced 
through  endwise  the  bit  thereof,  with  several  handsomely  con** 
trived  wards,  which  may  likewise  do  the  same  effects. 

71.  A  key  perfectly  square,  with  a  screw  turning  within  it, 
and  more  conceited  than  any  of  the  rest,  and  no  heavier  than 
the  triangle-screwed  key,  and  doth  the  same  effects. 

72.  An  escutcheon  to  be  placed  before  any  of  these  locks 
with  these  properties. 

1.  The  owner  (though  a  woman)  may  with  her  delicate 
hand  vary  the  ways  of  coming  to  open  the  lock  ten  mil^ 
lions  of  times,  beyond  the  knowledge  of  the  smith  that 
made  it,  or  of  me  who  invented  it. 

2*  If  a  stranger  open  it,  it  setteth  an  alarm  a-going,  which 
tlie  stranger  cannot  stop  from  running  out ;  and  besides, 
though  none  should  be  within  hearing,  yet  it  catcbeth 
his  hand,  as  a  trap  doth  a  fox;  nand  though  far  from 
maiming  him,  yet,  it  leaveth  such  a  mark  behind  it,  as 
will  discover  him  if  suspected ;  the  escutcheon  or  lock 
plainly  shewing  what  money  he  hath  taken  out  of  the 
box  to  a  farthing,  and  how  many  times  opened  since  the 
owner  had  been  in  it. 

73.  A  transmittable  gallery  over  any  ditch  or  breach  in  a 
town-wall,  with  a  blind  and  parapet  cannon-proof. 

74.  A  door,  whereof  the  turning  of  a  key,  with  the  help  and 
motion  of  the  handle,  makes  the  hinges  to  be  of  either  side,  and 
to  open  either  inward  or  outward,  as  one  is  to  enter  or  to  go 
out,  or  to  open  in  half. 

75.  How  a  tape  or  ribbon  weaver  may  set  down  a  whole  dis- 
course, without  knowing  a  letter,  or  interweaving  any  thing  sus- 
picious of  other  secret  thaii  a  new-fashioned  ribbon. 

76.  How  to  write  in  the  dark  as  straight  as  by  day  or  candle 
light. 

77.  How  to  make  a  man  to  fly ;  M'hich  I  have  tried  with  a 
little  boy  of.  ten  years  old  in  a  barn,  from  one  end  to  the  other. 
On  an  hay-mow. 

78.  A  watch  to  go  constantly,  and  yet  needs  no  other  wind- 
ing from  the  first  setting  on  the  cord  or  chain,  unless  it  be 
broken,  requiring  no  other  care  from  one  than  to  be  now  and 
then  consulted  with,  concerning  the  hour  of  the  day  or  night; 
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and,  if  it  be  laid  bj  a  week  togetlier,  it  will  not  err  mdcby  bot^ 
the  oftener  looked  upon,  the  more  exact  it  sheweth  the  time  of 
the  day  or  night. 

79.  A  way  to  lock  all  the  boxes  of  a  cabinet  (though  never 
so  mafl[^)  at  one  time,  which  were  by  particular  keys  appro- 
priated to  each  lock  opened  severally,  and  independent  the  one 
of  the  otlier,  as  much  as  concemeth  the  opening  of  them,  and 
by  these  means  cannot  be  heft  opened  unawares. 

80..  How  to  make  a  pistol-barrti  no  thicker  than  a  shilling, 
and  yet  able  to  endure  a  musket-proof  pf  powder  and  bullet* 

81.  A  conib-conveyance  carrying  of  lelters  widiout  suspi* 
cion,  the  head  being  opened  with  a  needle-screw,^  drawing  a 
spring  towards  them  ;  the  comb  being  made  but  after  an  usual 
form  carried  in  one's  pocket. 

82.  A  knife,  spoon,  or  fork,  in  an  usual  portable  case,  may 
have  ihe  like  conveyance  in  their  handles. 

85.  A  rasping-mill  for  hartsliorn,  whereby  a  child  may  do 
the  work  of  half  a  dozen  men,  commonly  taken  up  with  that 
work. 

84.  An  instrument  whereby  persons,  ignorant  in  arithmetick, 
may  perfectly  observe  numerations  and  substractions  of  all  sums 
and  fractions. 

85.  A  little  ball  made  in  the  shape  of  plum  or  pear,  being 
dexterously  conveyed  or  forced  into  a  body's  mouth,  shall  pre- 
sently shoot  forth  such  and  so  many  bolts  of  each  side  and  at 
both  ends  as  without  the  owner's  key  can  neither  be  opened  or 
£led  off,  being  made  of  tempered  steel,  and  as  effectually  locked 
as  an  iron  chest. 

86.  A  chair  made  d-la-mode,  and  yet  a  stranger  being  per- 
suaded to  sit  down  in  it,  shall  have  immediately  his  arms  aod 
thighs  locked  up  beyond  his  own  power  to  loosen  them. 

87.  A  brass  mould  to  cast  candles,  in  which  a  man  may  make 
five  hundred  dozen  in  a  day,  and  add  an  ingredient  to  the  tallow 
which  will  make  it  cheaper,  and  yet  so  that  the  candles  shall 
look  whiter  and  last  longer.  . 

88.  How  to  make  a  brazen  or  stone  head,  in  the  midst  of  a 
great  field  or  garden,  so  artificial  and  natural,  that  tliough  a 
man  speak  never  so  softly,  and  even  whispers  into  the  ear 
thereof,  it  will  presently  open  its  mouth,  and  resolve  die  ques- 
tion in  French,  Latin,  Welsh,  Irish,  or  English,  in  good  terms, 
uttering  it  out  of  his  mouth,  and  then  shut  it  until  the  next  ques- 
tion be  asked. 

89.  White  silk  knotted  in  the  fingers  of  a  pair  of  white 
gloves,  and  so  contrived  without  suspicion,  that,  playing  at 
Primero  at  cards,  one  may  without  clogging  his  memory,  keep 
reckoning  of  all  sixes,  sevens,  and  aces,  which  he  hath  dis- 
carded. 


Worcester's  Century  of  Inventions.  56 1 

90.  A  most  dexterous  dicing-boxy  with  holes  transparent, 
after  the  usual  fashion,  with  a  device  so  dexterous,  that,  with  a 
knock  of  it  against  the  table,  the  four  good  dice  are  fastened, 
and  it  looseneth  four  hhe  dice  made  fit  for  his  purpose. 

91.  Axk  artificial  horse,  with  saddle  and  caparizons  fit  for 
running  at  the  ring,  on  which  a  man  being  mounted,  with  his 
lance  in  his  hand,  he  can  at  pleasure  make  him  start,  and 
swiftly  to  run  his  career,  using  the  decent  posture  with  bonne 
grace,  may  take  the  ring  as  handsomely,  and  running  as  swiftly 
as  if  he  rode  upon  a  barbe. 

92.  A  screw  made  like  a  water-screw,  but  the  bottom  made 
of  iron-plate  spadewise,  which  at  the  side  of  a  boat  emptieth 
the  mud  of  a  pond,  or  raiseth  gravel. 

93.  An  engine  whereby  one  man  may  take  out  of  the  water  a 
ship  of  five  hundred  ton,  so  that  it  may  be  calked,  trimmed, 
and  repaired,  without  need  of  the  usual  way  of  stocks,  and  as 
easily  let  it  down  again. 

94.  A  little  engine  portable  in  one's  pocket,  which  placed 
to  any  door,  without  any  noise,  but  on  a  crack,  openeth  any 
door  or  gate. 

95.  A  double  cross-bow,  neat,  handsome  and  strong,  to  shoot 
two  arrows,  either  together,  or  one  after  the  other,  so  imme- 
diately, that  a  deer  cannot  run  two  steps,  but,  if  he  miss  of  one 
arrow,  he  may  be  reached  with  the  other,  whether  jhe  deer  run 
forward,  sideward,  or  start  backward. 

96.  A  way  to  make  a  sea-bank  so  firm  and  geometrically 
strong,  that  a  stream  can  have  no  power  over  it ;  excellent  like- 
wise to  save  the  pillar  of  a  bridge,  being  far  cheaper  and 
stronger  than  stone  walls. 

97.  An  instrument  whereby  an  ignorant  person  may  take  any 
thing  in  pert^pective,  as  jusuy,  and  noore  than  the  skilfullest 
painter  can  do  by  his  eye.  * 

98.  An  engine  so  contrived,  that  working,  the  primum  nu)bile\ 
forward  or  backward,  upward  or  downward,  circularly  or  cor-  I 
nerwise,  to  and  fro,  straight,  upright,  or  downright,  yet  the  \ 
pretended  operation  continueth  and  advanceth,  none  of  the  / 
motions  above  mentioned  hindering,  much  less  stopping  the  I 
other;  but  unanimously,  and  with  harmony  agreeing,  they  all  \ 
iiugment  and  contribute  strength  unto  the  intended  work  and  I 
operation :  and  therefore  I  call  this  a  semi-omnipotent  engine,  / 
and  do  intend  that  a  model  thereof  be  buried  with  me.  J 

99.  How  to  make  one  pound  weight  to  raise  an  hundred  as  \ 
high  as  one  pound  falleth,  and  yet  the  hundred  pound  descend-  [ 
ing  doth  what  nothing  less  than  one  hundred  pound  can  ^ 
effect. 

VOL.  II.  o  o 


562  MACHINES. 

100.  Upon  so  potent  a  help  as  these  two  last  mentioned  in- 
ventions, a  water-work  is  by  many  years  experience  and  labour 
so  advantageously  by  me  contrived^  that  a  child's  force  bringeth 
up  an  hundred  foot  high  an  incredible  quantity  of  water,  even 
two  foot  diameter,  so  naturally,  that  the  work  will  not  be 
heard  even  into  the  next  room;  and,  with  so  great  ease  and 
geometrical  symmetry,  that  though  it  work  day  and  night  from 
one  end  of  the  year  to  the  other,  it  will  not  require  forty  shillings 
reparation  to  the  whole  engine,  nor  hinder  one's  day-work. 
And  I  may  boldly  call  it  The  most  stupendous  work  in  the 
whole  world:  not  only  with  little  charge  to  drain  all  sorts  of 
mines,  and  furnish  cities  with  water,  though  never  so  high 
seated,  as  well  to  keep  them  sweet,  running  through  several 
streets,  and  so  performing  the  work  of  scavengers,  as  well  as 
furnishing  the  inhabitants  with  sufficient  water  for  their  private 
occasions ;  but  likewise  supplying  the  rivers  with  sufficient  to 
maintain  and  make  them  portable  from  town  to  town,  and  for 
the  bettering  of  lands  all  the  way  it  runs;  with  many  more 
advantageous,  and  yet  greater  effects  of  profit,  admiration,  and 
consequence. .  So  that  deservedly  I  deem  this  invention  to  crown 
my  labours,  to  reward  my  expences,  and  make  my  thoughts  ac« 
quiesce  in  way  of  farther  inventions.  This  making  up  the  whole 
century,  and  preventing  any  farther  trouble  to  the  reader  for  the 
present,  meaning  to  leave  to  posterity  a  book,  wherein  under  eack 
of  these  heads  the  means  to  put  in  execution,  and  visible  trial, 
all  and  every  of  these  inventions,  with  the  shape  and  form  of 
all  things  belonging  to  them,  shall  be  printed  by  brass-plates. 

In  Bonom  Fablicuxn,  &  ad  majorem  DEI  gloriain. 

YARN,  in  general,  denotes  the  manufacture  of  wool,  hemp, 
flax,  cotton,  8cc.  converted  into  filaments  or  threads,  which  are 
subservient  to  a  variety  of  useful  purposes. 

Formerly,  all  yarn  was  spun  or  twisted  by  means  of  the 
distaff,  or  wheel ;  but  lately,  the  ingenuity  of  mechanics,  and  the 
powers  of  machinery,  have  been  called  in  aid  to  facilitate  that 
operation:  in  June,  1787,  Messrs.  John  Kendrew  and  Thomas 
Porthouse  obtained  a  patent  for  their  invention  of  a  machine, 
upon  new  principles,  designed  to  spin  yarn  from  hemp,  tow, 
flax,  or  wool. — As  this  privilege  is  now  expired,  and  such  con- 
trivance promises  to  be  very  useful  in  the  woollen  as  well  as 
other  manufactures,  we  shall  subjoin  an  account  of  the  con- 
struction, as  extracted  from  the  specification  inserted  in  the 
Repertory  of  Arts  and  Manufactures. 
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Hiis  macfaine  may  be  worked  by  water,  or  as  a  horse-mill,  oi* 
in  any  other  way,  and  is  made  and  used  in  the  following  manner. 
There  is  a  cylinder,  marked  A  in  the  drawing,  fig.  1^  plate 
XXXVII.,  three  feet  diameter,  and  ten  inches  broad,  made 
of  dry  wood  or  metal,  turned  true,  and  covered  on  its  circum- 
ference with  a  smooth  leather,  upon  which  are  placed  the  rollers 
marked  d,  covered  with  leather,  and  supported  in  their  situations 
by  the  slits  in  the  covered  piece  of  wood  marked  k  in  which  the 
iron  axes  of  the  rollers  turn,  but  suffers  them  to  press  on  the 
wheel  marked  a.     There  must  be  another  piece  sii!nilar  to  the 
above,  to  support  the  other  end  of  the  rollers.     These  rolleri 
are  of  different  weights.     The  upper  roller  marked  di  is  two 
stone,  the   rest   decreasing  to  the   last,   which   is  only  two 
pounds  weight  and  one  half.     There  is  am  iron  fluted  roller, 
marked  f,  furnished  with  a  toothed  wheel  at  each  end,  and  a 
wood  one,  marked  g,  covered  with  cloth,  and  over  it  a  smooth 
leather.    There  is  an  assisting  roller,  marked  H,  of  fluted  iron. 
These  rollers  are  supported  by  their  axes,  turning  in  the  sli^ 
marked  2,  of  the  piece  of  wood,  marked  m  (fig.  3.),  which  iK 
here  separated  from  the  end  of  the  frame  marked  S,  to  shew  the 
rollers  and  wheel-work.      The  rollers  marked  G  and   F  are 
squeezed  together  by  means  of  the  lever  marked  p,  and  its 
weight  marked  w  (fig.  3.).     The  roller  marked  h  is  pressed  to 
the  mark  g  by  its  axis,  acting  upon  the  inclined  plane  marked  ^ 
(fig.  3.).     There  is  a  rubbing  roller  covered  with  woollen  cloth^ 
and  on  its  axis  is  a  small  wheel,  marked  i,  driven  by  the  wheel 
marked  s.     This  roller  rests  upon  the  roller  marked  g,  and  by 
its  motion  prevents  any  dirt  or  fibres  from  adhering  to  it.   There 
is  a  cloth,  marked  n,  revolving  over  two  rollers  marked  o,  o, 
which  has  motion  given  to  it  from  the  wheel  marked  c,  by 
means  of  another  wheel  marked  p.     This  cloth  moves  at  the 
same  rate  as  the  surface  of  the  wheel  marked  A.    There  is  a 
supporter,  marked  y,  of  the  axis  of  the  wheels  marked  o,  p, 
but  is  removed,  in  order  to  shew  them;  it  is  fixed  by  its  tenons 
in  the  mortises  marked  z,  z.    The  roller  marked  b  b  kept  in 
action  by  its  endeavour  to  slip  down  the  inclined  plane  at  the 
top  of  the  piece  marked  y,  thereby  pressing  against  the  re- 
volving cylinder;  and  another  piece  simiilar  to  this,  must  be 
understood  to  support  the  other  end  of  the  roller's  axis.    By  the 
side  of  this  revolving  cloth  is  a  table  placed,  of  the  same  length 
and  breadth  as  the  cloth  is,  to  which  belong  two  smooth  cloths 
or  leathers,  of  the  same  size  as  the  table.    The  machine  being 
thus  prepared,  the  attendant  or  workman  must  take  a  quantity  of 
hemp,  tow,  flax,  or  wool,  more  or  less,  according  to  the  fineness 
of  the  thread  to  be  made,  and  lay  or  spread  it  evenly  upon  one 
of  the  smooth  cloths  on  the  table,  then  place  it  on  the  revolving 
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cloth  marked  n^  motion  beiog  communicated  to  the  roller 
marked  f  by  wheel-work  as  usual,  from  a  water,  horse,  or  odier 
"kind  of  mill,  which  wheel-work  is  communicated  to  the  wheel 
marked  q,  on  whose  axis  is  a  nut,  which  turns  the  wheel  marked 
€ ;  and  thereby  the  cylinder  marked  a  moves,  and  with  it  aUthe 
KJlers;  by  which  motion  the  hemp,  tow,  flax,  or  wool,  is  drawn 
forward.    The  cloth  turns  down,  but  the  hemp,  tow,  flax,  or 
wool,  go  upon  the  cylinder  marked  a,  under  the  roller  marked 
B,  and  so  forward  under  the  rollers  marked  B,  then  falk  m 
between  the  rollers  marked  g,  f,  turns  under  the  roller  marked 
o,  and  over  the  roller  marked  h,  which,  as  it  gives  the  rc^rs 
hold  of  the  hemp,  tow,  flax,  or  wool,  in  two  places,  enables 
diietm  to  draw  forward  tiie  long  fibres  thereof,  though  many  of 
them  are  to  draw  from  under  the  marks  4  or  5  of  the  pressii^- 
rollers  marked  d,  it  then  falls  into  a  canister,  marked  9,  and  as 
by  the  wheel-work  the  rollers  marked  f,  g,  h,  move  three  times 
faster  than  the  cloth  and  cylinder,  the  sliver  must  be  three  ^tin^s 
longer  than  when  presented.     By  the  time  this  is  drawing,  the 
other  cloth  is  filled  with  hemp,  tow,  flax,  or  wool,  as  before, 
and  laid  upon  the  revolving  roller,  laying  the  hemp,  tow,  flax 
or  wool,  over  the  epd  of  die  other,  which  goes  forward  as  be- 
fore, and  thus  a  continued  sliver  is  produced  as  lone  as  the 
machine  continues  its  motion.     But  m  order  that  this  sliver 
may  come  out  of  the  canister  marked  &,  without  entanglement, 
it  must  pass  through  an  instrument  marked  5,  (fig.  3.).  (daced 
over  the  rollers  marked  f,  o,  its  open  side  marked  t,  to  the 
cylinder  at  mark  4,  supported  by  its  ends  marked  v,  v,  in  the 
slit  marked  w,  of  the  before-described  pieces  marked  k.    The 
aperture  x  is  so  small  as  to  press  the  fibres  close  to  each  other 
in  their  passage  through  it  previous  to  their  passing  the  rollers, 
by  which  means  they  remain  pressed  side  by  side  in  the  sliver, 
and  will  not  entangle.    These  thick  slivers  are  drawn  smaller 
by  a  similar  process,  and  in  the  same  manner  are  used  for  cottons; 
but  the  machines  for  drawing  are  all  of  the  same  structure  as 
the  above,  except  that  they  have  no  revolving  cloth.    The 
sliver  is  applied  to  the  cylinder  under  the  roller  marked  b,  which 
draws  it  forward  under  all  the  rollers,  as  before  described, 
drawing  it  out,  or  lengthening  it,  every  fresh  machine  through 
which  it  presses,  till  it  be  small  enough  for  the  spinning  ma- 
chine.    It  must  be  remarked,  that  the  cylinders  are  made  less 
in  diameter,  according  to  the  different  smallness  of  the  sliver 
intended  to  be  drawn  upon  them  at  the  first:  whilst  the  sliver 
is  at  its  greatest  thickness,  the  cylinder  is  required  to  be  three 
feet  diameter,  as  above  described,  the  next  rather  less,  and  so  on 
to  the  last,  which  b  only  two  feet.    The  aperture  of  the  bottom 
of  the  coutractor  belonging  to  each  machine  is  also  made  one 
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third  part  smaller  than  another  in  succession,  from  the  greatest 
to  the  smallest  cylinder;  as  also  the  drawing  rollers  marked 
¥,  o,  n,  are  furthest  from  the  pressing-roller  marked  d  in  the 
longest  cylinder,  and  nearest  at  the  smaller  cylinder.  At  the 
largest  cylinder  the  distance  is  about  nine  inches,  and  the  small- 
est about  four  inches ;  but  their  distance  cannot  in  all  cases  be 
fixed,  as  it  depends  on  the  different  length  of  the  slivers  of  the 
hemp,  tow,  flax,  or  wool;  long  ones  requiring  the  distances  men- 
tioned, and  short  ones  requiring  the  distances  much  shorter  thad 
is  here  specified. 

The  following  several  letters  or  marks  are  in  the  machine 
figured  2.    The  spinning  machine,  as  to  its  drawing  principle, 
is  the  same  as  the  drawing  machine.    The  slivers  are  presented 
to  it  in  canisters  marked  A,  and  drawn  over  a  cylinder  marked 
B  covered  with  rollers  marked  d.    The  fibres  which  are  to 
form  the  thread  are  drawn  from  the  cylinder  by  the  rollers 
marked  c,  the  under  roller  of  which  is  made  of  fluted  iron,  the 
other  of  wood,  covered  with  leather;  they  move  six  or  eight 
times  faster  than  the  cylinder  marked  b;  are  enabled  to  draw 
the  hemp,  tow,  flax,  or  wool,  forward  from  under  the  pressing- 
rollers  marked  d,  by  being  squeezed  together  with  the  weights 
and  crooks  marked  a,  a,  locked  to  the  small  part  of  the  rollers 
marked  c.     There  is  a  belt  of  smooth  cloth,  marked  e,  moving 
on  two  rollers,  which  are  turned  by  the  wheel  marked  f,  on  the 
axis  of  the  fluted  roller;  at  the  opposite  end  of  which,  as  at 
the  mark  G,  is  a  nut,  which  turns  the  wheel  marked  H,  on 
whose  axis  is  another  nut,  turning  the  wheel  marked  i,  and' 
thereby  the  cylinder  marked  b,  with  all  its  rollers.    These 
rollers  move  in  curved  pieces  of  wooden  metal,  marked  k, 
which,  to  prevent  confusion,  are  not  represented  in  their  places: 
they  have  slits  in  them,  in  which  the  roUers*  axis  are  guided, 
but  so  deep  as  at  all  times  to  suffer  the  rollers  to  press  upon  the 
cylinder.     These  rollers  are  covered  with  cloth  and  leather. 
The  top  roller  is  about  ten  pounds  weight,  decreasing  to  the 
sixth  roller,  which  is  only  about  one  pound  weight:  the  yam  is 
turned  by  the  spindles  marked  l,  and  rubbed  over  the  wet  clodi 
belt  if  spinning  linen  yam,  but  if  spinning  worsted  yam  the 
belt  must  be  removed,  that  it  may  not  touch  it  as  it  passes  to  the 
spool,  which  it  coils  round  as  fast  as  the  rollers  let  it  out.    The 
spindles  marked  l  are  turned  by  a  bolt  from  the  wheel  marked 
M,  which  derives  its  motion  fi-om  the  mill,  and  by  a  wheel  on 
its  axis  communicates  it  to  the  roller  under  the  mark  c  by  the 
wheel  marked  f,  and  so  to  the  rest,  as  above  described.    The 
hemp,  tow,  flax,  or  wool,  is  twined  in  the  same  manner  as  cotton 
is  by  mills. 

FINIS. 
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